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METHOD OF ISOLATING SECRETION SIGNALS IN LACTIC ACID BACTERIA AND 
NOVEL SECRETION SIGNALS ISOLATED FROM LACTOCOCCUS LACTIS 

5 

FIELD OF INVENTION 

The present invention relates to the field of microbial expression systems, in particular to 
means of improving the level of secretion of homologous or heterologous gene products 
10 in recombinant host cells. Specifically, there is provided the means of identifying and iso- 
lating sequences coding for secretion signals in lactic acid bacteria and novel signal pep- 
tides isolated from Lactococcus spp. t and mutants of such signal peptides having enhan- 
ced efficiency. 

15 

TECHNICAL BACKGROUND AND PRIOR ART 

The group of Gram-positive bacteria that are generally referred to as lactic acid bacteria 
including Lactococcus spp. such as Lactococcus lactis, Lactobacillus spp., Streptococcus 
20 spp., Leuconostoc spp. and Oenococcus spp. are commonly used in the manufacturing of 
food products and feedstuffs, e.g. as dairy starter cultures in the manufacturing of fer- 
mented milk products such as butter, cheese and yoghurt. Lactococcus lactis is a typical 
example of a Gram-positive bacterium used for the manufacturing of a wide range of fer- 
mented milk products. 

25 

Besides, lactic acid bacteria are currently used as recombinant host cells for the produc- 
tion of heterologous and homologous gene products such as pharmaceutical^ active 
products or enzymes. Among the emerging industrial applications for L lactis, recent work 
by the inventors has focused on the production of heterologous proteins with a potential 
30 as vaccines, therapeutics or enzymes. The expression system used includes a strong 
regulated promoter and has allowed a high-level production of recombinant Leuconostoc 
mesenteroides p-galactosidase, LacLM (Madsen et al., 1999). 

With the development of microorganisms as cell factories for the production of heterolo- 
35 gous proteins, a number of genetic tools for improved gene expression have been estab- 
lished. These include strong promoters, high copy number vectors, optimised codon us- 
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age and improved production strains, and their use has resulted in an increase of produc- 
tion lev Is. 

Using these optimised tools, secretion of heterologous proteins into the culture super- 
5 natant might represent a limiting step. Therefore, the molecular knowledge of protein se- 
cretion is also emerging as a subject of applied research. To facilitate downstream proc- 
essing of recombinantly produced protein, secretion of the protein is generally desired. To 
achieve efficient secretion of heterologous gene products it is required that constructs are 
used in which the gene coding for the desired gene product is operably linked to a gene 
10 coding for an effective signal peptide that can be recognised by the signal peptidases of 
the host cell. 

The process of secretion in bacteria includes events that occur just after translation of the 
mRNA, i.e. the subsequent recognition of the signal peptide (SP) in the nascent unfolded 
15 polypeptide chain by the Sec apparatus and cleavage by signal peptidase upon translo- 
cation through the cell membrane. 

The Sec-dependent pathway is the best studied system for protein export. Although it is 
known that virtually all proteins exported via this mechanism require a SP, it is not clearly 

20 understood how the structure of the SP interacts with the different components of the se- 
cretion machinery in the cell. The recent characterization of a Sec-independent pathway 
that is conserved between E. coli and plants illustrates the fact that proteins are exported 
through a number of distinct pathways (Settles and Martienssen, 1998; Stephens 1998). 
The mechanisms involved normally require the presence of sequence motifs in the ex- 

25 ported protein. 

SPs are the N-terminal extensions present in Sec-dependent secreted proteins. The 
structure of a typical SP includes three distinct regions: (i) an N-terminalregion that con- 
tains a number of positively charged amino acids, lysine and arginine; (ii) a central hydro- 
30 phobic core and; (iii) a hydrophilic C-terminus that contains the sequence motif recog- 
nised by the signal peptidase (von Heijne 1990). Despite structural similarities, large se- 
quence variation is observed between different SPs. This variation has recently been re- 
lated to specific targeting of the secreted proteins (Martoglio and Dobberstein, 1998). 

35 Studies of secretion in Escherichia coli have shown the influence of the hydrophobic core 
region of SP on efficient processing. SPs with highly hydrophobic core regions supported 
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a high rate of transport even when an altered N-terminal region with negative charge is 
used (Izard t al. t 1996). PhoA has been used as a model protein for detailed secretion 
studies in this bacterium. The effect of the removal of helix-breaking residues (Gly or Pro) 
can be compensated by increased hydrophobicity (Izard et al., 1995). In competition ex- 
5 periments, two identical SPs were placed N-terminal to PhoA and the rate of utilization of 
either SP was shown to be dependent on small increases in the hydrophobicity of one of 
the SP (Chen et al., 1996). Moreover, it was shown that a reduced negative charge at the 
amino terminus resulted in a lower overall affinity for the transport pathway (Izard et al., 
1996). 

10 

The characterisation of numerous extracellular proteins has allowed development of a 
method for the prediction of the presence and location of signal peptide cleavage sites in 
amino acid sequences from different organisms including Gram-positive and Gram-nega- 
tive prokaryotes, and eukaryotes (Nielsen et al., 1997). The method involves a prediction 
15 of cleavage sites and a signal peptide/non-signal peptide prediction based on a combina- 
tion of several artificial neural networks. The use of this method permits the preliminary 
design and analysis of SP derivatives prior to their construction and test in vivo. 

Proteins that are targeted for secretion include a signal sequence or signal peptide (SP) at 
20 the N-terminus. SPs are recognised and cleaved by a leader or signal peptidase, a com- 
ponent of the secretion machinery of the cell, during translocation across the cell mem- 
brane (Martoglio and Dobberstein, 1998). SPs are normally 25 to over 35 amino acids 
(aa) in size in Gram-positive bacteria. SPs do not share sequence homology, but are of- 
ten composed of an amino terminus that. includes one or more basic aa, a central hydro- 
25 phobic core of seven or more aa, and a hydrophilic carboxy terminus containing the motif 
that is recognized by signal peptidases (Martoglio and Dobberstein, 1998). A survey of 
available SPs from L lactis suggested the use of the SP from Usp45, the major secreted 
lactococcai protein (van Asseldonk et al. t 1990). This SP was reported to be functional in 
the secretion of several heterologous proteins in L lactis (van Asseldonk et al., 1993). 

30 

Traditional strategies for the identification of SPs in L lactis have followed the construc- 
tion of genomic libraries in a vector carrying a promoterless reporter gene. In general, 
work in Gram-positive bacteria has involv d the use of reporter genes with a demon- 
strated functionality for the identification of SPs in Gram-negative bacteria. These report- 
35 ers include BlaM, the £ coli 0-lactamas (Sibakov et al., 1991 ; Perez-Martinez et al., 
1992). The use of BlaM for the identification of L lactis SPs implied a limitation on the 
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possibility of direct screening in L lactis and this has been assumed to be due to diff r- 
ences in codon usage and protein folding requirements for BlaM (Pouquet et al., 1998). 
Therefore, primary screening of Gram-positive bacterial genomic libraries has up till now 
been carried out in E. coli and positive clones subsequently tested in L lactis (Sibakov et 
5 al., 1991; Perez-Martinez et al., 1992) thereby imposing a tedious and labour consuming 
selection step for functionality in the primary host. A more appropriate secretion reporter, 
the extracellular p-amylase from Bacillus licheniformis has also been used in screening for 
lactococcal SPs, but following the same screening strategy (Perez-Martinez et al., 1992). 
These strategies resulted in the isolation of SPs of type I exclusively. Moreover, some of 
10 the functionality of the sequences identified was due to the presence of amino acid resi- 
dues derived from the multiple cloning site in the vector. These amino acids matched the 
requirements for the C-terminal region of this type of SPs (Perez-Martinez et al., 1 992). 

However, it is desirable to dispose of a broad range of SPs in order to select, for specific 
15 purposes, such SPs that are suitable in a particular host cell or for the secretion of a par- 
ticular gene product. A major objective of the present invention is therefore to provid a 
convenient method for direct isolation of lactic acid bacterial nucleotide sequences coding 
for signal peptides that are functional in a broad range of host cells including lactic acid 
bacterial cells, which method does not require an intermediate screening step in another 
20 species. A further objective of the invention is to provide a transposable element useful in 
the present method that permits to identify and locate, in a bacterial chromosome, se- 
quences coding for SP. By using the novel method several novel lactococcal SPs w re 
identified, isolated and improved by mutagenesis. 

25 

SUMMARY OF THE INVENTION 

Accordingly, the invention pertains in a first aspect to a method of constructing a transpo- 
son derivative for identifying in a lactic acid bacterium a DNA sequence coding for a signal 

30 peptide (SP), the method comprising the steps of (i) selecting a DNA molecule comprising 
a transposon including between its left terminus (LR) and its right terminus (RR) a se- 
quence comprising a promoterless promoter reporter gene and a ribosome binding site 
(RBS), (ii) deleting from said DNA molecule a region located between the LR and the 
promoterless reporter gene to obtain a modified DNA molecule that has retained its trans- 

35 posability and its RBS, (iii) inserting into the remaining region located between the LR and 
the promoterless reporter gene of the resulting modified DNA molecule a unique restric- 
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tion site, and (iv) inserting into said unique restriction site a DNA sequence coding for a 
secretion reporter molecule, said DNA sequence coding for a reporter molecule is without 
a sequence coding for a SP, the thus obtained transposon derivative being without stop 
codons in-frame with the secretion reporter molecule thus permitting upon transposition 
5 translational fusions from upstream the LR. 

In a further aspect there is provided a transposon derivative for the identification in a lactic 
acid bacterium of a DNA sequence coding for a signal peptide (SP), the molecule com- 
prising the following elements: (i) a DNA molecule comprising a transposon element in- 
10 eluding between its left terminus (LR) and its right terminus (RR) a sequence comprising a 
promoterless promoter reporter gene and a ribosome binding site, the DNA molecule be- 
ing without stop codons in the region upstream of the promoter reporter gene, (ii) a DNA 
sequence coding for a secretion reporter molecule, said DNA sequence is without a se- 
quence coding for an SP. 

15 

In a still further aspect, the invention relates to a method of identifying in a lactic acid 
bacterium a DNA sequence coding for a signal peptide (SP), the method comprising the 
steps of (i) transforming a lactic acid bacterium with a transposon derivative as defined 
above and (ii) selecting from the transformed lactic acid bacterium, cells in which the pro- 
20 moterless promoter reporter gene is expressed and the gene product of the DNA se- 
quence coding for a secretion reporter molecule is secreted. 

In yet other aspects there are provided an isolated DNA molecule comprising at least part 
of a transposon derivative as defined herein and a DNA sequence coding for a signal 

25 peptide (SP) that is functional in a lactic acid bacterium and an isolated DNA sequence 
coding for a signal peptide that is derived from a molecule selected from the group con- 
sisting of SP10, SP13, SP307, SP310 and SP330 as described hereinbelow, and a de- 
rivative of any of said signal peptides having retained signal peptide functionality. It was 
found that such derivatives can have an enhanced secretion efficiency as compared to 

30 the corresponding wild type SPs. 

Further aspects of the invention include: a recombinant plasmid comprising an isolated 
DNA molecule comprising at least part of a transposon derivative or an isolated DNA se- 
quence according to the invention; a recombinant bacterium comprising a DNA sequence 
35 according to the invention; and use of such a bacterium for the production of a desired 
gene product. 
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DETAILED DISCLOSURE OF THE INVENTION 

5 A major objective of the present invention is to provide a novel transposable element that 
permits the direct identification, i.e. without the use of an intermediate bacterial species, in 
the genome of a lactic acid bacterium of a sequence coding for a SP. Such an element is 
provided by the above method of constructing a transposon derivative for identifying in a 
lactic acid bacterium a DNA sequence coding for a signal peptide (SP). 

10 

In a first step of the method a DNA molecule is selected that comprises a transposon in- 
cluding between its left terminus (LR) and its right terminus (RR) a sequence comprising a 
promoterless promoter reporter gene and a ribosome binding site (RBS). In the present 
context, one such useful DNA molecule is one comprising the Tn91 7 transposon or a de- 
15 rivative hereof A particularly useful Tn917 derivative is the plasmid pLTV1 that in addition 
to the Tn91 7 transposon comprises a promoterless lacZ gene and a ribosome-binding site 
(RBS). 

From the selected basic transposable DNA molecule a region, located between the LR 
20 and the promoterless reporter gene, is deleted to obtain a modified DNA molecule that 
has retained its transposability and its RBS, followed by inserting a unique restriction site 
into the remaining region located between the LR and the promoterless reporter gene and 
inserting into said unique restriction site a DNA sequence coding for a secretion reporter 
molecule that does not include a sequence coding for a SP. 

25 

By deleting the region located between the LR and the promoterless reporter gene it is 
achieved that the thus obtained transposon derivative is without stop codons in-frame with 
the secretion reporter molecule permitting, upon transposition, translational fusions from 
upstream the LR. 

30 

Among secretion reporters that can be used in L lactis and other lactic acid bacterial spe- 
cies, genes coding for nucleases are presently preferred, including the Staphylococcus 
aureus nuclease (Nuc), a naturally extracellular protein that has been shown to be useful 
in L lactis as secretion reporter (Poquet et al., 1998). Nuc is suitable for the screening for 
35 SPs since the protein is inactive intracellular^ and its structur is remarkably simple (it is 
a monomer, lacks disulfide bonds). Furthermore, the codon usage in the nuc gene is ap- 
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propriate for high level expression in lactococci, and the plate assay for detection of se- 
cretion is not toxic, eliminating the need for replica plating. 

In another aspect, the invention provides a novel transposon derivative molecule, which is 
5 useful in the above method for the identification in a lactic acid bacterium of a DNA se- 
quence coding for a signal peptide (SP). Such a molecule comprises a first element in the 
form of a DNA molecule comprising a transposon element including between its left termi- 
nus (LR) and its right terminus (RR) a sequence comprising a promoterless promoter re- 
porter gene and a ribosome-binding site. One example of a useful promoter reporter gen 
10 is the lacZ gene. 

It is a significant feature of this first element that the DNA molecule is without stop codons 
in the region upstream of the promoter reporter gene that are in-frame with the secretion 
reporter molecule of the below second element, which permits, upon transposition of the 
15 transposon derivative, the expression of translational fusions from upstream the LR. 

The transposon derivative molecule comprises, as a second element, a DNA sequence 
that codes for a secretion reporter molecule, said DNA sequence is without a sequence 
coding for a SP. In a presently preferred embodiment, the secretion reporter gene is a 
20 gene coding for a nuclease such as the nuc gene derived from Staphylococcus aureus. 

In useful embodiments, the transposon derivative is derived from Tn91 7 or a derivative 
hereof including pLTV1 . A particularly useful transposon derivative according to the in- 
vention is pTnA/uc, the construction and function of which are described in details in the 
25 following examples. In addition to the above first and second elements, the transposon 
derivative may further comprise a selection marker, e.g. an antibiotic resistance gene or a 
mutation conferring auxotrophy against an essential nutrient component. 

A major objective of the invention is to provide a method of identifying in a lactic acid 
30 bacterium a DNA sequence coding for a signal peptide (SP). The method comprises the 
steps of transforming a lactic acid bacterium with a transposon derivative molecule as de- 
scribed above and selecting from the transformed lactic acid bacterium, cells in which the 
promoterless promoter reporter gene is expressed and the gene product of the DNA se- 
quence coding for a secretion reporter molecule is secreted. 

35 
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It will be appreciated that an expression of the promoter reporter gene is an indication that 
the transposable element has been integrated into a gene of the lactic acid bacterial c II 
at a position where it is operably linked to a promoter in the chromosome of the cell. Si- 
multaneous screening for expression of the promoterless reporter gene and the secretion 
5 reporter gene on media which are indicative for the fusion product of the promoter re- 
porter gene and the secretion reporter gene permits the direct identification of clones 
comprising a sequence coding for a functional SP. 

In accordance with the invention, the lactic acid bacterium, which is used in the above as 
10a source for functional SPs, can be of any species belonging to the group of bacteria gen- 
erally referred to as lactic acid bacteria. This group includes Lactococcus spp. such as 
Lactococcus lactis, Lactobacillus spp. including as examples Lactobacillus acidophilus 
and Lactobacillus plantarum, Leuconostoc spp. such as Leuconostoc mesenteroides, Oe- 
nococcus spp. and Streptococcus spp. 

15 

In preferred embodiments, the transposon derivative is transposed randomly or quasi- 
randomly. 

It will be appreciated that when clones comprising a sequence coding for a functional SP 
20 have been identified using the above method, such a sequence can be isolated in accor- 
dance with conventional techniques for isolating nucleotide sequences. Having isolated 
such a sequence it can, if desired, be inserted into homologous or heterologous species 
with the aim of improving or optimising the secretion of desired gene products. 

25 Accordingly, the invention pertains in a further aspect to an isolated DNA molecule com- 
prising at least part of a transposon derivative as defined above and a DNA sequence 
coding for a signal peptide (SP) that is functional in a lactic acid bacterium. In useful em- 
bodiments, such a DNA molecule comprises a sequence coding for a signal peptide com- 
prising a signal peptidase l-recognition sequence or a signal peptidase ll-recognition se- 

30 quence. In this context, suitable DNA molecules include such molecules where the DNA 
sequence coding for a signal peptide is derived from a clone selected from the group con- 
sisting of SP10, SP307, SP310 and SP330 as described in the following examples, and a 
mutant th reof. 



35 It has been found that it is possible to enhance the secretion efficiency of a desired gene 
product by operably linking the gene coding for the gene product to a mutant of a se- 
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quence coding for a naturally occurring SP. Such a mutation can be produced by conven- 
tional mutagenesis techniques such as mutagenesis by means of UV irradiation or by us- 
ing chemical mutagens. However, site-directed mutagenesis has been found to be a con- 
venient and effective means of producing SP mutants having improved functional char- 
5 acteristics. Such a mutagenesis may result in substitution, deletion or addition of one or 
more amino acid residue. In the following examples, a range of such mutated SPs are d - 
scribed, of which several show a higher secretion efficiency than the corresponding wild 
type SP. These mutants include those designated herein as 310mut1 , 310mut2, 310mut3, 
310mut4, 310mut5, 310mut6 t 310mut7, 310mut8, 310mut10, 310mut11, 310mutA, 
10 310mutB, 310mutC, 310mutA1, 310mutB1, 310mutD2, 310mutD7, 310mutE2, 
310mutE11 and 310mutF2, respectively. 

The invention also provides novel isolated DNA sequences coding for a signal peptide 
that are derived from a molecule selected from the group consisting of SP10, SP13, 

15 SP307, SP310 and SP330 as described herein, and a derivative of any of said signal 
peptides having retained signal peptide functionality, including DNA sequences derived 
from any of the above mutants. There are also provided recombinant plasmids comprising 
an isolated DNA molecule comprising at least part of a transposon derivative according to 
the invention or an isolated DNA sequence as described above. Such plasmids include a 

20 recombinant plasmid that is selected from the group consisting of A10::Nuc, A13::Nuc, 
A307::Nuc and A310::Nuc as described herein. In useful embodiments, the recombinant 
plasmid according to the invention comprises a regulatable promoter operably linked to 
the secretion reporter gene. The regulation of the promoter activity is preferably caused 
by growth condition factors for the host cell carrying the plasmid such as the growth tem- 

25 perature, the pH, the growth phase and changes of the nutrient composition of the 
medium occurring during growth of the host cell. In the present context, one useful pro- 
moter is the P170 promoter as described hereinbelow. 

In a still further aspect, the invention pertains to a recombinant bacterium comprising a 
30 DNA sequence coding for a signal peptide that is derived from a molecule selected from 
SP10, SP13, SP310 and SP330, and a derivative of any of these SPs that has retained 
SP activity. In such a bacterium, this DNA sequence is preferably operably linked to a 
gene expressing a desired gene product whereby the gene product is secreted. Such a 
recombinant bacterium is any Gram-positive or Gram-negative bacterium that is used as 
35 host cell in the production of desired gene products. Typical examples of Gram-positive 
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bacteria include lactic acid bacterial species, Bacillus spp. and Streptomyces species and 
examples of Gram-negative bacteria include as a typical example £ coli 

The invention will now be illustrated in the following non-limiting examples and the draw- 
5 ings wherein 

Fig. 1 A illustrates the construction of pTnA/uc, a secretion reporter tool in L lactis. Details 
of the construction of TnNuc are described in Example 1 , Plasmids are not drawn to scale 
and only relevant features are shown. Restriction sites. A: Aat\\\ B: Bsm\; E: EcoRV; N: 

10 Nsil] R: Rsr\\\ S: Sma\, The pPRA plasmids contain the 3.1 EcoRV fragment from pLTV1 
spanning from the coding region of the fef gene (open tet arrow) to within the lacZ gene 
(stripped lacZ arrow) and including the left repeat of Tn9f 7 (filled LR box). This fragment 
(open LTV1 box) and the position of the LR (filled LR box) are shown in pPRA plasmids 
for clarity. The region deleted between the LR and lacZ is depicted as an open triangle in 

15 pPRA4B. 

Fig. 1 B illustrate details of the nt positions used in the deletion analysis of the Tn9f 7 de- 
rivative in pLTV1 are indicated together with the functionality of the different pPRA5 de- 
rivatives in transposition; 

20 

Fig. 2. summarises an analysis of secretion efficiency for selected L lactis SPs. Concen- 
trated (20-fold) supernatants of strain PRA157 (lane 1), PRA158 (lane 2) and PRA159 
(lane 3) were run on a 16% Tricine gel and Coomasie stained. The volume loaded repre- 
sents the total protein content from 100 nl (PRA157 and PRA158) or 50 ^l (PRA159) of 
25 culture supernatant. The migration of molecular weight markers in kDa is shown to the 
left. The position of NucA and the corresponding full length protein (A13::Nuc, A307::Nuc 
and A310::Nuc is shown to the right). A weaker band with similar migration to A13::Nuc 
and present in all strains corresponds to Usp45, the major secreted protein from L lactis 
(van Asseldonk et al., 1 990); 

30 

Fig. 3. is an overview of the site-directed mutagenesis strategy for SP310 and Nuclease 
secretion. The profile obtained from the analysis of the wild type SP310 (SP310) using 
SignalP is shown abov . C t S and Y scores are the three parameters us d in SignalP for 
the identification of a SP. The arrow indicates the suggested main processing site be- 
35 tween residues Ala34-Ala35, sequence alterations are underlined; and 
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Fig. 4 shows secreted nuclease yield in L lactis strains containing an altered SP310. 
Supernatants from overnight cultures were concentrated about 50-fold by TCA-precipita- 
tion. A volume corresponding to 0.5 ml culture supernatant was run on a 14% SDS PAGE 
(Novex). Lane 1: strain PRA76 (Usp45SP-Nuc); lane 2: strain PRA159 (original construc- 
5 tion with 60 aa from the SP310 sequence fused to the mature Nuc); lane 3: strain PRA162 
(only the 35 aa of SP310 fused to Nuc); lane 4: strain PRA164 (310mut2-Nuc); lane 5: 
strain PRA170 (310mutB-Nuc); lane 6: strain PRA250 (310mut6-Nuc); The migration of 
molecular weight markers is indicated to the left in kDa. 

10 

EXAMPLE 1 

The development of JnNuc and its use for the isolation of novel secretion signals in 
Lactococcus lactis 

15 

Abbreviations: aa: amino acid(s); B.: Bacillus; bp: base pair; E.: Escherichia coli; Em: 
Erythromycin; L: Lactococcus; LR: left repeat; nuc: Nuclease coding gene; Nuc: Nuclease 
protein; nt: nucleotide; S.: Staphylococcus; SP(s): signal peptide(s) or secretion signal; 
St.: Streptococcus 

20 

■ 1.1. Abstract 

The construction of a new Tn9 17-transposon derivative, termed JnNuc, which includes 
the Staphylococcus aureus nuclease gene {nuc) as a reporter for secretion is described. 

25 Transposition of JnNuc into the L lactis chromosome permits the generation of fusions in- 
frame with the nuc gene. JnNuc also includes /acZ, a reporter used for identification of 
relevant clones from the library, i.e. clones with Lac + phenotype resulting from transposi- 
tion of JnNuc into a functional gene on the L lactis chromosome. The presence of a func- 
tional signal sequence at the upstream flanking region of the left repeat of the transposed 

30 element results in the detection of nuclease activity using a sensitive plate assay. JnNuc 
was used for the identification of novel secretion signals from L lactis. The sequences 
identified included known and unknown lactococcal secreted proteins containing either a 
signal peptidase-l recognition sequence or a peptidase-ll recognition sequence. In one 
case, the gene identified codes for a transmembrane protein. The identified sequences 

35 were used to study functionality when located in a plasmid under the control of the pH and 
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growth phase-dependent promoter P170 (Madsen et al. 1999). In all cases concurrent s - 
cretion of nuclease was observed during induction of P170 in a chemostat 

1.2. Materials and methods 

5 

(i) Strains and growth conditions 

Escherichia coli K-12 strain DH10B (Grant et al., 1990) grown in LB supplemented, if ap- 
propriate, with 100 ng/ml ampicillin or 200 ng/ml erythromycin (Em), at 37°C was used for 

10 cloning purposes, rescue of plasmid DNA and propagation of plasmid DNA. Lactococcus 
lactis cremoris strain MG1614 (Gasson 1983) was used in experiments involving con- 
struction of transposon insertions, screening, analysis of transposon insertions and plas- 
mid rescue of DNA adjacent to site of insertion. L lactis subsp. cremoris strain MG1614 
(Gasson 1983) were used for analysis of isolated translocation signals. L lactis strains 

15 were grown in GM17 or ArgM17 (Israelsen et al., 1995) at 30°C supplemented, if appro- 
priate, with 1 |ig/ml erythromycin (GM17Em or ArgM17Em). In fermentor experiments, a 
defined medium, 3 x SAIV (Jensen and Hammer, 1993) was used and pH was maintained 
using KOH. 

20 Transformation of bacteria was performed by electroporation, according to published 
procedures for £. coli (Sambrook et al., 1989) and L lactis (Holo and Nes 1989), 
respectively. 
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(ii) Plasmid and ToNuc construction 

The strategy for the construction and analysis of deletion derivatives of Tn97 7-LTV1 
(Camilli et al. f 1990) is illustrated in Fig. 1. The 3.1 kb EcoRV fragment from pLTV1 t 
5 spanning from the 3' end of the lacZ gene to the coding region of the tet gene (positions 
12208 to 15335) was subcloned into EcoRV-digested pBluescript SK- (Stratagene), 
resulting in pPRA2. Plasmid DNA from pPRA2 was used as a template for PCR using 
primer PSS1b (S'-CGATG AATGC C GGACCGAA7 TGATACACTA ATGCTTTTAT 
ATAGGG-3'(SEQ ID NO:1) containing restriction site for Bsm\ (underlined) and Rsril 

10 (italics), respectively; position 13374-13348 in pLTV1) and primer PSS14 (5'- 

GTGTAGTCGG TTTATGCAGC-3'(SEQ ID NO:2); position 12672-12691 in the lacZ 
gene). The amplified 720-bp fragment was digested with Bsm\ and Aat\l (unique site in 
the 3,1 kb pLTV1 fragment in pPRA2, Fig. 1) and cloned into Bsml and vAa/ll-digested 
pPRA2, resulting in pPRA3. Four different PCR products (designated 2A to 2D) were 

15 amplified using pPRA2 DNA as template. PCR was carried out using primer PSS3 (5- 
CACACATACC AATACATGC-3* (SEQ ID NO:3); position 14391-14373 in pLTV1, see Fig. 
1) in combination with the following primers containing a unique Rsril site (italics): (i) for 
2A t primer PSS4 (S'-GCATCGGTCC GTAGGCGCTC GGGACCCC-3' (SEQ ID NO:4), 
position 13665 to 13647 in pLTV1); (ii) for 2B, primer PSS6 (S'-GCATCGGTCC 

20 GTTCTTATCG ATACAAATTC CTCG-3' (SEQ ID NO:5), position 13648 to 13626 in 
pLTV1); (iii) for 2C, primer PSS8 (S'-GCATCGGTCC GAAAI I I I IA AATCTATTTC 
TTATC-3' (SEQ ID NO:6), position 13633 to 13608 in pLTV1) and (iv) for 2D, primer 
PSS10 (S'-GCATCGGTCC GTAAATGTAC AAAATAACAG CGAAAT-3' (SEQ ID NO:7), 
position 1 361 3 to 1 3589 in pLTV1 ). 

25 

Fragments 2A to 2D were digested with Rsril and Nsi\ (a unique Nsi\ site in the 3.1 kb 
EcoRV fragment from pLTV1, see Fig. 1) and cloned into likewise digested pPRA3, 
resulting in pPRA4A to pPRA4D, respectively. pPRA4A to pPRA4D were digested with 
EcoRV and the 2.8-2.9 kb inserts were cloned into EcoRV-digested pLTV1 to replace the 
30 original 3.1 kb fragment, resulting in plasmids pPRASA tp pPRASD (Fig. 1). 

pPRASB was chosen to construct TnA/uc. Using pBS::Nuc (Le Loir et al., 1997) as DNA 
template and primers PSSnud (5 f -GCATCGG>ACC GTCACAAACA GATAACGGCG-3' 
(SEQ ID NO:8), RswrU site in italics) and PSSnuc2 (GCATCGGTCC GCATTATTGA 
35 CCTGAATCAG-3' (SEQ ID NO:9), Rsril site in italics), a 531 bp fragment was obtained. 
Digestion with Rsril and subsequent ligation into likewise treated pPRASB was carried out 
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and resulted in pTnMic. The nuc fragment codes for the NucB form of the protein (Poquet 
etal., 1998). 

Transposon insertions were made by transforming L lactis with the vector carrying the 
5 Tn9f 7 derivative and growing these with erythromycin selection. Plates with 

transformants were either replica plated on X-gal plates as decribed by Israelsen et al. 
(1995) followed by Nuclease plate (Nuc) assays of LacZ + -kIones or a library of transposon 
insertions was generated by plating transformed L lactis with high density on 140 mm 
petri dishes each with 200 ml SGM17 agar suplemented with 1 ng/ml Em. Plates were 
10 incubated 4 days at 30°C and clones were pooled by resuspending colonies in GM17Em 
and 17% glycerol. The constructed library was frozen in small aliquots. An aliquot was 
subsequently plated at a density of c. 500 cfu/plate on either GM17Em or ArgM17Em. 
Nuc assays were then performed on colonies to identify Nuc secreting clones. 

15 For the analysis of the functionality of the isolated SPs on plasmid, pAMJ206 was used. 
pAMJ206 contains the L lactis regulated promoter P170 (Madsen et al., 1999) located 
upstream of the ribosome binding site (RBS) from pAK80 (Israelsen et aL, 1995). Uniqu 
Bgl\\ and Sa/I sites are conveniently located just downstream of the RBS. A PCR fragment 
was obtained from pBS:Nuc (Le Loir et al., 1997) using primers Nuc1 and Nuc2 (respec- 

20 tively, 5-G GAA GA TC 7T CACAAACAGA TAACGGC-3' (SEQ ID NO: 10) and 5-ACG- 
CGTCGAC GAATTCGATC TAAAATTAT AAAAGTGCC-3' (SEQ ID NO: 1 1 ) restriction 
sites in italics), digested with flg/ll and Sa/I and ligated into pAMJ206, resulting in 
pASPNuc. This plasmid was used for the construction of plasmid pPRA157, pPRA158 
and pPRA159 as follows. In pPRA157, a PCR fragment was amplified from chromosomal 

25 DNA of L lactis MG1614 using primer PSScluA-A and PSScluA-B (respectively, 5'- 
GCATCCCGGG TCTAGATTAG GGTAACTTTG AAAGGATATT CCTC atoAAA 
AAAACATTGA GAGACCAGTTACTTG-3' (SEQ ID NO:12) and 5 f -GCATAG>A TCT 
ACTCCAACTA TCACCTGTTG CATTTGCTC-3' (SEQ ID NO: 13), restriction sites, Sma\ 
and BglW in italics, the sequence from the expression vector pAMJ203 is underlined and 

30 the cluA gene ATG start codon is shown in lower case). This fragment spans from the 
start codon of the cluA gene to a position 1200 bp downstream. At this position, insertion 
of Tn/Vuc was observed in clone SP13. This fragment was cloned into Sma\-Bgl\\ digested 
pASPNuc resulting in an in-frame fusion protein CluA::Nuc containing just two aa differ- 
ences (Arg-Ser, derived from the cloning sites) to the protein produced in SP13. 



35 
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Construction of pPRA158 and pPRA159 was carried out similarly, but cloning a PCR 
fragment corresponding to the first 120 bp of the coding region for the genes inactivated 
by TnNuc insertion in clone SP307 (fragment amplified using primers PSS307-A, 5- 
GCATCCCGGG TCTAGATTAG GGTAACTTTG AAAGGATATT CCTCATGAAT 
5 AAATCAAAAA TTATTGCTTT CTCTGC-3' (SEQ ID NO:14) and PSS307-B, 5'- 
GCATAGATCT ATCAATGGAA TTAACATCAG CTGCCATGC-3* (SEQ ID B015), 
respectively, Sma\ and BglW sites in italics) and SP310 (fragment amplified using primers 
PSS310-A, 5'-GCATCCCGGG TCTAGATTAG GGTAACTTTG AAAGGATATT 
CCTCATGAAA TTTATAAAAA AAAGAGTTGC AATAGCC-3' (SEQ ID NO:16) and 
10 PSS310-B, 5'-GCAT>4G>4 7"CT GTTATCATTA AAATCACTCC GATTAAGAG-3' (SEQ ID 
NO:17), respectively, Smal and BglW sites in italics), respectively in pASPNuc. 

Additionally, strain AMJ627 was constructed by cloning a PCR fragment containing the N- 
terminal 29 aa that include the SP from Usp45 (SP Usp , amplified using primers Usp1 (5'- 
1 5 TAGTAGGATC CCGGGTCTAG ATTAGGGTAA CTTTGAAAGG ATATTCCTCatg 

AAAAAAAA GATTATCTCAGC-3' (SEQ ID NO:18), Sma\ site in italics, usp45 ATG start 
codon in lower case) and Usp2 (5-ACGCGTCGAC CTGCAG>AG>A7C7TGTGTCAG 
CGTAAACACC-3' (SEQ ID NO:19), BglW site in italics) into Smal-flgr/l-digested pASPNuc. 
All plasmid constructions were confirmed by sequencing the relevant regions. 

20 

(Hi) Nuclease assay 

Nuclease assay on plates was performed by the colony overlay method as described by 
Lachica et al. (1971), with the following modifications: 0,1% sonicated herring sperm DNA 
25 and 40 jiM CaCI 2 was used in overlay and 1% agar was substituted with 0.6% agarose. 
Colonies were grown on GM17Em t ArgM17Em or LBEm plates with 0,3% glucose. The 
plates were incubated for 30 minutes to 6h at 37°C after solidification of overlay. Nucle- 
ase-secreting colonies developed as clear orange zone on a blue-green background. 

30 (iv) Insertional mutagenesis with Tn917 and derivatives 

Transposon insertion experiments were performed by transforming L lactis with the vec- 
tor carrying the Tn91 7 derivative and growing these with erythromycin selection. Primary 
transformants were replica plated on X-gal plates as decribed by Isra Isen et al. (1995) 
followed by Nuclease plate assays of LacZ + -clones. Alternatively, a library of transposon 

35 insertions was generated by plating transformed L lactis with high density on 140 mm 
petri dishes each with 200 ml SGM17 supplemented with 1 ng/ml Em. Plates were incu- 
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bated 4 days at 30°C and clones were pooled by resuspending colonies in GM17Em and 
17% glycerol. The constructed library was frozen in small aliquots. Aliquots were subs - 
quently thawed and plated at a density of c. 500 cfu/plate on either GM17 or ArgM17 sup- 
plemented with Em. Plate assay was then performed on colonies to identify clones se- 
5 creting nuclease. 

(v) Pulsed field gel electrophoresis 

PFGE of Smal-digested chromosomal DNA from L lactis clones with integrated transpo- 
10 sons was carried out as described (Israelsen and Hansen, 1993) to test the random distri- 
bution of TnA/uc. 

(vi) Plasmid rescue 

15 DNA from regions flanking the integrated Tnnuc transposon was characterised as follows. 
For the DNA region flanking the transposon LR, chromosomal DNA (2 |ig) was digested 
with EcoRI, religated in a large volume (200 ^l) to favour intramolecular ligation and 
transformed into E. coli DH10B. For the DNA region adjacent to the RR, chromosomal 
DNA was digested with either Mlu\ or Ss/WI before religation and transformation of E. coli 

20 DH10B. 

(vii) Protein characterization 

Alternative culture supernatants were concentrated 20- to 30-fold using the Phenol-Ether 
25 procedure (Sauve et al., 1995). Samples were run on 16% Tricine gels (Novex), according 
to the manufacturer. The gels were stained overnight using the colloidal Coomasie stain- 
ing kit (Novex). The Mark 12 Wide Range Standard was used to estimate molecular sizes. 

(viii) DNA sequencing and computer analysis 

30 

Plasmid constructions and rescued plasmid DNA were sequenced using a Thermo 
Sequenase fluorescent labelled primer cycle sequencing kit (Amersham), Cy5-labelled 
primers and an ALFexpress DNA Sequencer (Pharmacia Biotech). DNA s qu nee data 
were analysed using the Wisconsin package from the Genetics Computer Group, Inc. 
35 Possible secretion signals were analyzed using the SignalP WWW server (Nielsen et al. 
1997). 
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(ix) Fermentation 

Fermentation experiments were carried out using bench top fermentors (Applikon) con- 
5 taining 1 litre of medium and set to operate at 30°C and to maintain pH above 5.2. 

1.3. Results 

(i) Identification of the minimal region required for transposition of Tn917 in 
10 Lactococcus lactis. 

Transposition of the Jn917 derivative included in pLTV1 was demonstrated during the 
search for regulated promoters in L lactis (Israelsen et al M 1995). This derivative contains 
a promoterless lacZ gene at the transposon left terminus and a ribosome binding site de- 

15 rived from the Bacillus subtilis spoVG gene. The SpoVG::lacZ sequence is inserted 278 
bp from the end of Tn9f 7, at a position where this insertion does not abolish transposition 
(Youngman, 1987). In order to develop a transposon-based screening tool for the identifi- 
cation of secretion signals from L lactis, a reporter gene encoding a secreted protein 
must be inserted at the left terminus of the element, to allow the generation of in-fram 

20 fusions with genes encoding secreted proteins upon transposition. This requires a short 
distance from the left terminus of Jn91 7 together with the avoidance of stop codons that 
would prevent in-frame fusions with the reporter gene. Plasmids pPRASA to pPRASD 
were constructed as derivatives of pLTV1 , each containing a small deletion that spans 
from a position within (pPRA5A) or adjacent to (pPRASB to pPRA5D) the LR of Tn9f 7 to 

25 the region just upstream of spoVGr.lacZ (Fig. 1). A unique RsrU site was introduced in all 
derivatives upon deletion. L lactis MG1614 was transformed using pLTV1 and pPRASA- 
D. Transformants were grown through four rounds of replica plating in GM17Em plates. A 
large number of the initial transformants ceased to grow during replica plating. These cor- 
responded presumably to isolates containing a poorly free replicating plasmid that was 

30 lost during subsequent growth on plates, rendering them Em-sensitive. Stable Em-resis- 
tant clones represent transposition of the Tn9 1 7 derivative into the L lactis chromosome, 
although the possibility of integration of the plasmid carrying the transposon cannot be 
excluded in a fraction of the clones (Israelsen et al., 1995). Transformation of L lactis 
MG1614 with pLTV1, pPRA5B, pPRASC and pPRASD r suited in a similar frequency of 

35 stable transformants. However, no stable transformants were obtained using pPRA5A. 
The Tn9? 7 derivative in pPRA5A contains a partial deletion of the LR of the element. Al- 
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teration of this structural feature may be responsible for the observed lack of transposition 
in L lactis. Sequence integrity in this r gion is required to delimit the boundaries of the 
element and high sequence homology is observed among Tn3-related elements like 
Tn917 (Sherrat et al., 1989). 

5 

In L lactis MG1614, transformation with pLTV1 resulted in about 15% blue colonies 
among the stable Em-resistant clones on plates containing X-gal (Israelsen et al., 1995). 
Blue colonies result from Tn97 7 transposition downstream of a promoter in the L lactis 
chromosome. No significant differences in the frequency of blue clones were observed 
10 with pPRASB, pPRASC or pPRASD, compared to pLTV1 (data not shown) indicating that 
these derivatives were functional in L lactis. 

Since pPRASB included the largest deletion and retained functionality, it was chosen to 
clone a secretion reporter, the S. aureus nuc gene. 

15 

(ii) Construction ofTnNuc, a tool for the identification of signal peptides in L lactis. 

A PCR fragment including the entire nuc coding region downstream of the SP (see s c- 
tion 2.2) was cloned into the unique Rsril site of pPRASB, resulting in plnNuc (Fig. 1). In 

20 this construction, stop codons in-frame with the nuc gene are avoided allowing transla- 
tional fusions from upstream the LR. The new transposon, named TnA/uc, was used for 
the construction of a collection of mutants in L lactis MG1614. TnNuc retains the original 
lacZ coding region and ribosome binding site. This additional feature of TnA/uc provides a 
phenotypic trait (Lac + ) to reveal the presence of promoter activity from sequences up- 

25 stream of the LR upon transposition, regardless of the gene function. Thus, primary 
screening for blue colonies identifies L lactis clones where true transposition occurs and 
where transcription into TnNuc occurs. Among them, a proportion of clones is expected to 
contain JnNuc adjacent to the 5' end of a gene encoding a secreted protein. 

30 (iii) Construction and screening of a collection ofTnNuc integrants 

Two independent transformation experiments of L lactis MG1614 were carried out with 
pTn/Vuc. Since identification of a functional signal peptide requires both an active pro- 
moter and a gene encoding a secreted protein, initial screening focused on transposition 
35 events leading to expression of /acZ, excluding integration events not resulting in a fusion 
with a promoter in the correct orientation. In the first experiment, 147 Lac + clones w r 
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isolated and assayed for nuclease secretion using the plate overlay assay. A number of 
clones that formed dark blue colonies on X-gal plates showed weak Nuc activity on plates. 
These clones represented transposition of TnNuc into a strongly expressed gene, and the 
low level of Nuc on plates might be the result of limited cell lysis and not actual secretion. 
5 Twelve clones showing a weak Lac + phenotype and a low level of Nuc simultaneously 
were selected for further analysis, since in these cases true secretion of Nuc was more 
conceivable. 

In the second type of experiments, an improved procedure was devised to reduce the 
10 elaborate and sequential screening mentioned above and to allow for the recovery of 
clones that would be lost during replica plating of primary integrants due to limiting pro- 
moter activity resulting in white colonies on X-gal plates. In this procedure, primary trans- 
formants were plated on SGM15Em plates and incubated for 4 days. This long incubation 
served the purpose of selection for true and stable Em-resistant integrants. Colonies were 
15 pooled and stored as a library that contained approximately 10 4 independent transpo- 
sants. Subsequent analysis of the library was carried out using the Nuc assay on plates. 
Nuc + clones were then tested for LacZ activity. Out of 108 Nuc + clones obtained, 20 
clones showing either (i) a strong Nuc + phenotype or (ii) a weak Nuc + together with a 
weak Lac + phenotype were selected for further analysis. These latter clones were as- 
20 sumed to include a TnNuc integration into a functional L lactis gene. 

In order to study the distribution of TnNuc in L lactis chromosome, PFGE was carried out 
on Smal-digested chromosomal DNA from 49 independent LacZ + clones. The presence of 
TnNuc introduces two adjacent Smal sites, included in the TnNuc sequence (Fig. 1), in 

25 the L lactis chromosome. Thus, the disappearance of a single Smal fragment from the 
PFGE profile of L lactis MG1363 and the presence of two novel Sma\ bands demonstrate 
the presence of TnNuc, Among the clones examined, 35 showed the presence of TnNuc 
in the largest, 600 kb Smal chromosomal fragment. This frequency (71%) is consistent 
with the previously reported transposition frequency (60%) of a similar Tn9f 7 system, 

30 TV32, into the same chromosomal region in L lactis MG1614 (Israelsen and Hansen, 
1993). Two clones had one or two copies of TnNuc, respectively, in the 310 kb Sma\ 
chromosomal fragment. TnNuc transposition into the 280 kb, 140 kb and 120 kb Smal 
chromosomal fragments was observed for 3, 2 and 2 clones, respectively. For the re- 
maining 6 clones, no apparent change in the PFGE profile was detected. Insertion of 

35 TnNuc in one of the smaller Smal fragments is assumed since size change for these 
fragments would not be detected under the conditions used for PFGE (Israelsen and 
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Hansen, 1 993). Thes results confirmed the quasi-random distribution of TnA/uc transpo- 
sition in L lactis. 

(iv) Sequence analysis ofL lactis genes coding for secreted proteins. 

5 

All 32 clones obtained showing a positive Nuc + /Lac + phenotype were used in plasmid res- 
cue experiments to characterize the genes affected by TnA/uc transposition. In two cases, 
plasmid rescue in E coli did not yield any transformants and the corresponding clon s 
were not analysed further. Chromosomal DNA (300 to 400 bp) flanking the LR of TnA/uc 

10 was sequenced on the rescued plasmids. In two cases, the sequence obtained corre- 
sponded to pTnNuc. Integration of pTnNuc but not transposition may have occurred in 
these L lactis clones. For the remaining 28 clones, a sequence from the L lactis chromo- 
some was identified adjacent to the LR of TnA/uc, representing true transposition events. 
DNA analysis revealed the presence of stop codons in the sequence just upstream of the 

15 TnA/uc insertion, in-frame with the nuc gene in 10 clones. Among the remaining 18 clones, 
SP13 and SP36 included a TnA/uc insertion in the cluA gene. CluA is a transmembrane 
protein involved in cell aggregation between donor and recipient bacteria during lactococ- 
cal conjugation (Godon et aL, 1994). CluA has indeed a typical signal peptide, targ tfor 
the signal peptidase I (Table 1). Nine clones were identified which contained a TnA/uc in- 

20 sertion at 5 different positions within the same gene. This gene encodes a putative protein 
containing a signal peptide. A representative clone from this group, SP310, showed 
strong Nuc activity and low LacZ activity, indicating an effective signal sequence respon- 
sible for the secreted Nuc. 

25 Table 1. Analysis of expression and secretion of selected TnWuc integrants. Ho- 
mology search and type of signal peptide. 



Clone No. Nuc LacZ Protein or putative Signal Pep- 

isolated 1 activity 2 activity 3 homologue tide Type 4 



SP10 


1(1) 


+ 


+++ 


PA243 5 , unknown 


I 


SP11 


2(2) 


+++ 


++ 


Unknown 




SP13 


2(2) 


+ 


+ 


CluA (Godon etal. 1994) 


I 


SP240 


1(1) 


++ 


+ 


DexB 6 


ND 


SP307 


1(1) 


+++ 


+++ 


Hyaluronan synthas 7 


II 
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SP310 


9(5) 


++ 


++ 


Unknown 


I 


SP323 


1(1) 


+ 


+ 


Membrane transporter 8 


ND 


SP330 


1(1) 


+ 


+ 


Unknown 





1 The number of independent clones with a TnNuc insertion at the same locus is shown. Also the 
number of different locations within the target gene are given in brackets. 
2 Nuc activity was scored on plates using the overlay assay (see section 2.3). 
5 3 LacZ activity was scored on plates containing X-gal. 

^Signal peptide analysis using the SignalP neural network (Nielsen et al. t 1997); I: signal peptide 
type I; II: signal peptide type II (lipoprotein). 

identical gene interrupted than in the previously isolated transposon integrant PA243 (Israelsen et 
al., 1995) 

1 0 * Streptococcus mutans ctexB, encodes an exoglycosylase involved n the metabolism of extracel- 
lular starch (Whiting et al., 1993). 

7 Hyaluronan synthase (HAS) from Streptococcus equilisimus (Ashbaugh et a!., 1998). 

8 Homology to cation transporter proteins from E. coll 

ND: Sequence not available for the 5' end of the relevant gene. 

15 

Clone SP10 contained TnNuc insertion in a chromosomal locus adjacent to the thr operon 
that was previously identified during the search for regulated lactococcal promoters using 
pLTV1 (Madsen et al., 1996). SP10 showed strong promoter activity (LacZ), as it was re- 
ported for the pLTV1 integrant in the same locus, PA234 (Madsen et al. 1996). The pro- 
20 tein encoded contained a putative signal peptide (Table 1). 

Clone SP307 harboured a TnNuc insertion in a gene encoding a homologue of the strep- 
tococcal hyaluronase synthase (HAS), involved in capsule synthesis (Ashbaugh et al., 
1998). A lipoprotein signal peptide (von Hejne, 1989)) is present at the N-terminus of the 
25 encoded protein (Table 1). 

Analysis of clone SP11 and SP25 revealed an insertion of TnNuc at two different posi- 
tions, 103 and 49 bp, respectively from the ATG start codon of the disrupted gene. For 
SP25, the short sequence is not sufficiently long to conform to a SP. However, a favour- 
30 able ratio between Nuc and LacZ activity was observed from both SP1 1 and SP25 (Table 
1). The observed nuclease activity may be due to partial processing and secretion of the 
Nuc fusion protein. Alternatively, the inactivated gene may be responsible for a compo- 
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nent of the secretion machinery or the cell membrane, leading to increased secretion or 
protein leakage. 



In two clones, SP240 and SP330, no SP was identified in the targeted gene. For SP240 t a 
5 database search identified significant homology to the St. mutans dexB gene. dexB en- 
codes an exoglycosylase involved in the degradation of extracellular starch (Whiting et al., 
1993). Interestingly, no SP is found in DexB (Table 1). The mechanism underlying the ob- 
served Nuc secretion in SP240 and SP330 remains unclear. 

10 Finally a gene encoding a membrane protein was the insertion target in clone SP323. The 
putative protein showed homology to Mg2+ transporters of £ coli (Table 1). 

(v) Functional analysis of selected secretion signals on a multicopy plasmid in L lactis. 

15 Four SPs representing sequences from known (SP13) and previously unknown gen s 
(SP10, SP307 and SP310) and belonging to SPs recognized by signal peptidase I or II, 
were chosen for further analysis. To analyse secretion efficiency for the fusion partners 
identified with TnNuc in the wild type background, plasmid constructions were carried out 
to clone the minimal region (i.e., the closest position of insertion to the corresponding ATG 

20 start codon, see section 2.2). Preliminary results showed that a CluA-Nuc protein fusion 
carrying an N-terminal CluA region including the first 60-150 aa did not yield detectabl 
amounts of secreted Nuc (data not shown). Therefore, a region including the N-terminal 
400 aa of CluA corresponding to the closest position of TnNuc insertion to the 5' end of 
cluA identified herein was used for comparison (SP13). 

25 

For all other SPs, a 60 aa N-terminal region of the protein (SP10, SP307 and SP310) 
was introduced as a protein fusion with Nuc (hereafter called A10::Nuc, A13::Nuc, 
A307::Nuc and A310::Nuc, respectively), resulting in strain PRA156 (A10::Nuc) , PRA157 
(A13::Nuc), PRA158 (A307::Nuc) and PRA159 (A310::Nuc). The Nuc fragment used in 

30 this study corresponds to the NucB form of the protein. This form is further processed into 
a 19-to-21 aa shorter form, NucA (Pouquet et al., 1998). Strains PRA156 to PRA159 in- 
clude a pH and growth-phase dependent promoter, P170, for regulated expression (Mad- 
sen et al., 1999). P170-driven expression occurs during transition to stationary phase, 
when the growth medium is kept sit pH-6.5. Fermentor experiments were carried out us- 

35 ing the above strains, and samples were taken at the onset of the stationary phase where 
maximum production levels have been obtained (Madsen et al., 1999). Initial measur - 
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ments showed only background Nuc activity levels in culture supematants of PRA156. 
This strain was therefore not analysed further. 

Concentrated culture supematants from PRA157, PRA158 and PRA159 were used to run 
5 SDS-PAGE. As shown, secretion of NucA was observed in all three strains (a 19-kDa 
band in lanes 1-3, Fig. 2). An additional band that corresponded in size to the full-length 
fusion protein was identified in PRA157 (a 42-kDa band) and PRA158 (a 22-kDa band; 
Fig. 2). In strain PRA159, two additional products of similar size (approximately 23 kDa) 
were detected, suggesting alternative processing sites of the SP in SP310). This possibil- 
10 ity was supported by the identification of two putative processing sites of the primary aa 
sequence, at positions 27 and 34 from the initial Met, using SignalP (available at 
http://www.cbs.dtu.dk/services/SianalP . data not shown). Overall, the secretion efficiency 
was highest for PRA159 (A310::Nuc) and lowest for PRA157 (ACIuA::Nuc). The samples 
were used for measurement of Nuc activity (Table 2). 

15 

As a comparison, strain AMJ627 was used. AMJ627 harbours a construction similar to the 
above, and that includes the full SP from Usp45 fused to Nuc (SP Usp ::Nuc; see section 
2.2). The values obtained confirmed the efficiency of the SP from Usp45 in secretion. The 
SP used in PRA159 (A310::Nuc) secreted 67 mg/L Nuc, or about 60% compared to SP Usp . 
20 Activity levels were lower for PRA158 (31%) and PRA157 (6%). 

Table 2. Nuclease activity in culture supematants of selected clones. 



Strain Nuc activity 



(Fusion protein) 1 


Total 


mg/L x OD 60 o 




(mg/L) 




PRA157 (ACIuA::Nuc) 


6.5 


2.3 


PRA158 (A307::Nuc) 


34,1 


10.0 


PRA159 (A310::Nuc) 


67,0 


24.8 


AMJ627 (SPus P ::Nuc) 


108,4 


40.4 



Stationary phas culture supematants from fermentor xperiments were used. 
25 1 S secti n 2,2 for construction details 
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EXAMPLE 2 

Molecular characterization and engineering of SP310, a signal peptide from Lacto- 
coccus lactis 

5 

2.1 Abstract 

Among the signal peptides (SP) identified in Example 1 , SP31 0 showed the highest level 
of secretion. However, the levels obtained were lower than those obtained using the sig- 

10 nal peptide of Usp45 (SPUSP), the major secreted lactococcal protein. In this example is 
describes a site-directed mutagenesis approach for SP310 designed to improve seer tion 
levels and to study the requirements for Sec-dependent secretion in L lactis. One of the 
mutants analyzed, SP310mut2, showed a secretion level similar to SPUSP, yielding more 
than 150 mg/L Staphylococcus aureus Nuclease (Nuc) in fermentor. This represents a 

1 5 45% improvement with respect to the wild type SP31 0 sequence. The analysis of Nuc se- 
cretion in the mutants allowed the establishment of some of the requirements for efficient 
secretion in L lactis. Common features for the L lactis Sec-dependent secretion pathway 
differ from the features reported for Escherichia coli. 

20 

2.2. Materials and methods 

(i) Strains and growth conditions 

25 Escherichia coli K-12 strain DH10B grown in LB or TB supplemented, if appropriate, with 
100 jig/ml ampicillin or 200 ng/ml erythromycin (Em) at 37°C was used for cloning pur- 
poses, rescue of plasmid DNA and propagation of plasmid DNA. Lactococcus lactis ere- 
moris strain MG1363 (Gasson 1983) was used for analysis of SP. L lactis strains were 
grown in GM17 (Israelsen et al., 1995) at 30°C supplemented, if appropriate, with 1 ^g/ml 

30 erythromycin (GM17Em or ArgM17Em). In fermentor experiments, a defined medium, 
SAIV (Jensen and Hammer, 1993) was used and pH was maintained using HCI or NaOH. 
Transformation of bacteria was performed by electroporation, according to published 
procedures for £ coli (Sambrook et al., 1989) and L lactis (Holo and Nes 1989), 
respectively. 

35 

(ii) Site-directed mutagenesis of SP310 and plasmid constructions 
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Primers PSS31 0-A (S'-GCATCCCGGG TCTAGATTAG GGTAACTTTG AAAGGATATT 
CCTCATGAAA TTTAATAAAA AAAGAGTTGC AATAGCC-3' (SEQ ID NO:20), Sma\ site 
in italics) and PSS310-B0 (S'-CTATTGGTTT GATTACGTCG GCTTTCTAGA TACG-3' 
5 (SEQ ID NO:21), BglU site in italics) were used to amplify the wild type SP310 sequence 
(herefter designated SP310) using pPRA159 DNA as template.The amplified fragment 
was digested with Smal and BglU, purified from agarose gels and cloned. 

For the construction of 310mut1, PSS310-A and PSS310-B1 (5-GGTTCTATTG 
10 GTTCGATTAC GTCGGCTTTC L4G>4TACG-3' (SEQ ID NO:22), BglU site in italics, 
mutation underlined) were used. PSS310-A and PSS310-B2 (5'-GTTATAGTAG 

TTAGGTTCTA CGAGTT- CGTCGGCTTTCL4G/4TACG-3* (SEQ ID NO:23), Bg/ll site 

in italics, mutations underlined and deletion shown as lines) were used to obtain 310mut2. 

15 310mut3 was produced by using PSS310-A and PSS310-B3 (S'-CTATAAACAT 

TCAAAAAAAT GTTAT TAGGGT — TTG TGAC GAG TTCGTCGGCT TTCTAGATAC 

G-3' (SEQ ID NO:24), Bgl\\ site in italics, mutations underlined and deletion shown as 
lines). 

20 310mut4 was constructed using PSS310-A and PSS310-B4 (S'-CTATAAACAT 

TCAAAAAAAT GTTAT — - -TAGGTT-- TTGGTTTGAT TACGTCGGCT TTCLAG/TTAC 
G-3* (SEQ ID NO:25), BglU site in italics, mutations underlined and deletion shown as 
lines). 

25 310mut5 was obtained using PSS310-A and PSS310-B5 (S'-CTATAAACAT 

TCAAAAAAAT GTTAT TAGGTT — TTGGTTCGAT TACGTCGGCT TTCLAG4TAC 

G-3' (SEQ ID NO:26), BglU site in italics, mutations underlined and deletion shown as 
lines). 

30 310mut6 was constructed using primer PSS310-A and PSS310-B6 (S'-GTTATAGTAG 
TTAGGTTCTA CGAGTT— - -CGTC TATG ATCTAGATAC G-3' (SEQ ID NO:27), BglU 
site in italics, mutations underlined and deletion shown as lines). 

310mut7 was obtained using primers PSS310-A and PSS310-B2AQ (S'-GTTATAGTAG 

35 TTAG—CTA CGAGTT CGTCGGCTT7CTAG4TAC G-3' (SEQ ID NO:28), BglU site 

in italics, mutations underlined and deletion shown as lines). 



WO 01/11060 



PCT/DK00/00437 



26 

310mut8 was produced using primer PSS310-A and PSS310-B2AD (5'-GTTATAGTAG 

TTAGGTT— CGAGTT- CGTCGGCT JTCTAGATAC G-3" (SEQ ID NO:29), Bg/II site 

in italics, mutations underlined and deletion shown as lines). 

5 

310mut10 was constructed using primer PSS310-A and PSS310-B21F (5'- 
CGTTATCGGT GCAAATAAAA AAACTATAAA CATTCAAAAA AATGTTATAG 

TAGTTAGGTT CTACGAGTT- CGTCG GCTTTCTAGA TACG-3' (SEQ ID NO:30), 

Bg/II site in italics, mutations underlined and deletion shown as lines). 

10 

310mut11 was obtained using primer PSS310-A and PSS310-B22F (5-CGTTATCGGT 
GCAAATAAAA AAACTATAAA CATAAAAAAA AATGTTATAG TAGTTAGGTT 

CTACGAGTT CGTCG GCTTTCTAGA TACG-3' (SEQ ID NO:31), Bg/II site in italics, 

mutations underlined and deletion shown as lines). 

15 

For the construction of 310mutA, primer PSS310-AA(5'-CCTCCCGGGT CTAGATTAGG 
GTAACTTTGA AAGGATATTC CTCatgAAAT TTAATAAAAA AAGAGTTGCA 
ATAGCCJTGT TTATTGCTTT GATATTTGTA CM MIMIC TTATATCATC-3' (SEQ ID 
NO:32), Sma\ site in italics, ATG start codon in lower case and mutations underlined) and 
20 PSS310-B0 were used. 

310mutB was obtained using primer PSS310-AB (5'-CCTCCCGGGT CTAGATTAGGG 
TAACTTTGAAA GGATATTCCTC atgAAATTTA ATAAAAAAAG AGTTCTTATA 
CTTTT GTTTA TTCJTTTGAT ATTTGTACTT I II I I I CTTA TATCATC-3' (SEQ ID 

25 NO:33), Sma\ site in italics, ATG start codon in lower case and mutations underlined) and 
PSS310-B0. 310mutC was obtained using primer PSS310-AC (5'-CCTCCCGGGT 
CTAGATTAGG GTAACTTTGA AAGGATATTC CTCatgAAAT TTAATAAAAA 
AAGACTTTTG CTTTTGCTTT TGCTTTTGCT TTTACTTCTT TTG -3' (SEQ ID NO:34), 
Sma\ site in italics, ATG start codon in lower case and mutations underlined) and 

30 PSS310-BC (5'- GAAAATGAAG AAAACGAAAA CGAAT ATAGT AGTTAGGTTC 
TATTGGTTTG ATTACGTCGG CTTTCTAGAT ACG-3" (SEQ ID NO:35), Bg/II site in 
italics and mutations underlined). 

310mutA1 was constructed using primer PSS310-AA and PSS310-B1 (5'-GGTTCTATTG 
35 GTTCGATTAC GTCGGCTTTC TAGATACG-3' (SEQ ID NO:36), Bg/II site in italics and 
mutation underlined). 
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310mutB1 was obtained using primer PSS310-AB (5 - CCTCCCGGGT CTAGATTAGG 
GTAACTTTGA AAGGATATTC CTCatgAAAT TTAATAAAA AAAGAGTTCT 
TATACTTTTG TTTATTCTTT TGATATTTGT AC I I I I II I I CTTATATC AT C-3' (SEQ (D 
5 NO:37), Sma\ site in italics, ATG start codon in lower case and mutations underlined) and 
PSS310-B1. 

Construction of 310mutD2 was performed using primer PSS310-AAF (5-GCATCCCGGG 
TCTAGATTAG GGTAACTTTG AAAGGATATT CCTCatgAAA — AATAAAA 
10 AAAGAGTTGC AATAGCC-3' (SEQ ID NO:38), Sma\ site in italics, ATG start codon in 
lower case, mutations underlined and deletions shown as lines) and PSS310-B2. 

310mutD7 was constructed using primer PSS310-AAF and PSS310-B2AQ. 310mut E2 
was obtained using primer PSS310-MN (5 T -GCATCCCGGG TCTAGATTAG 
1 5 GGTAACTTTG AAAGGATATT CCTCatgAAA TTT — AAAA AAAGAGTTGC AATAGCC-3' 
(SEQ ID NO:39), Sma\ site in italics, ATG start codon in lower case and deletions shown 
as lines) and PSS310-B2. 

Construction of 310mutE11 was performed using primer PSS310-AAF and PSS310-B22F. 

20 

310mutF2 was constructed using primer PSS310-AK (S'-GCATCCCGGG TCTAGATTAG 
GGTAACTTTG AAAGGATATT CCTCatgAAA TTTAAAAAAA AAAGAGTTGC AATAGCC- 
3' (SEQ ID NO:40), Sma\ site in italics, ATG start codon in lower case and mutations 
underlined) and PSS310-B2. 

25 

In all cases, clones were introduced in E. coli by electroporation, and the presence of 
mutations in the 310 sequence was confirmed by sequencing both strands using a 
Thermo Sequenase fluorescently labelled primer cycle sequencing kit (Amersham), Cy5- 
labelled primers and an ALFexpress DNA Sequencer (Pharmacia Biotech). Plasmid DNA 
30 was subsequently introduced into L lactis MG1363. 

(Hi) Protein analysis and SDS-PAGE 

Culture supernatants were concentrated 20- to 30-fold using the Phenol-Ether procedure 
35 (Sauve et al., 1995). Samples were run on 16% Tricine gels (Novex), according to the 
manufacturer. The gels were stained overnight using the Colloidal Coomassie Staining Kit 
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(Novex). The Mark 12 Wide Range Standard (Novex) was used to estimate molecular 
sizes. 

(iv) Protein sequence analysis 

5 . 

Derivatives of SP310 were analysed using the SignalP WWW server available at 
http://www.cbs.dtu.dk/services/SiqnalP/index.html (Nielsen et al. 1997) to predict their 
suitability as SP. 

10 (v) Fermentation 

Fermentation experiments were carried out using bench top fermentors (Applikon), con- 
taining 1 liter of medium and set to operate at 30°C and to maintain the pH above 5.2. 

15 2.3. Results 

(i) An experimental setup for the analysis of secretion efficiency in L lactis 

In Example 1 a number of novel SPs were constructed using insertional mutagenesis with 
20 a Tn917 derivative containing the nuc gene. Among these, SP310 was selected for further 
work since its use resulted in the highest yields of Nuclease (Nuc) secretion, when ex- 
pression of the SP310-/7UC gene fusion was driven by promoter P170 on a multicopy 
plasmid. Compared to the SP from Usp45 (SPUSP), the major secreted lactococcal pro- 
tein, the Nuc secretion yield obtained using SP310 was significantly lower. 

25 

In order to improve the secretion level of SP31 0 and to allow for the easy identification of 
mutants with enhanced secretion of Nuc, the levels of Nuc in culture supernatants from 
overnight cultures grown in GM17 were compared to the level obtained during growth in 
fermentor in SAIV medium. As shown, the use of the minimal SP 35 aa wild type se- 

30 quence including the Ala at position +1 (Ala + \ the N-terminal aa of the processed protein) 
resulted in a secretion level of 5,67 mg/L of Nuc. This represents about 78% of the level 
observed using SPUSP (strain PRA76) after overnight growth in GM17 (Table 3). Total 
values of secreted Nuc were lower than the Nuc levels obtained in fermentor, but the 
relative efficiency of SP310 was in the same order of magnitude compared to SPUSP, i.e. 

35 over 58% (106 vs. 182 mg/L respectively). Thus, it was decided to measure Nuc secretion 
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in overnight culture supernatants grown in GM17 for the initial screening of SP310 
mutants. 

Overall, about 20-fold decrease in the total amount of Nuc secretion was obtained in 
5 GM17 overnight cultures compared to fermentors. This is mainly due to different regula- 
tion of the P170 promoter, the unequal physiological conditions and the media used. For 
SP310, 5,67 mg/L were measured in GM17 culture supernatants and 106 mg/L in fer- 
mentor. The results of the GM17 cultures are summarised in table 3. 



10 
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(ii) Site-directed mutagenesis of the L lactis SP310 signal sequence 

Initial analysis of the primary SP310 aa sequence was carried out using SignalP. Efficient 
bacterial SPs show an Ala at position -3, -1 and +1. The sequence of SP310 included a 
5 Thr, a relatively infrequent aa, at position -3 (Thr* 3 ). As shown, substitution of the Thr* 3 
residue to Ala' 3 (in strain 310mut1) resulted in a significant increase in Nuc secretion 
(Table 3). It was evident that the C-terminal region of SP310 (Fig. 3), was unusually long 
and included a number of residues (position -10 to -2; Ser" 9 , Ser' 10 , Asn* 5 , Gin 4 , Gin* 7 , Asp' 
6 and Thr' 3 ) normally not present in this domain of Gram-positive SPs. Deletion of Thr" 3 

10 and Asn* 2 and substitution of Asn" 5 to Ala" 3 was therefore incorporated into 310mut2. This 
mutant retains Ala at position -3, -1 and +1 (Fig. 3). Analysis of Nuc secretion in 310mut2 
showed an increase of up to 24% compared to the wild type SP310 and also an increase 
with respect to the levels observed with 310mut1 in overnight cultures grown in GM17 
(Table 3). These results confirmed that shortening of the C-terminal region and 

15 maintenance of Ala residues at the cleavage site resulted in a considerable improvement 
in Nuc secretion in L lactis. 

The analysis of SP from Gram-positive bacteria using SignalP predicted that a turn favor- 
ing aa (e.g. Gly or Pro) is often located at the position between the hydrophobic core and 

20 the C-terminal domain. In SP310, two Ser residues (Ser" 10 and Ser' 9 ) are located in this 
region. We constructed a mutant lacking these two residues and Asp* 6 (310mut4). These 
alterations resulted in a considerable reduction in the level of Nuc compared to SP310 
(Table 3), suggesting that the presence of Ser and/or Asp in the C-terminal region of 
SP310 is a requirement for effective secretion in L lactis. A single substitution in 310mut4 

25 to incorporate an Ala residue at position -3 (in 310mut5) did not affect secretion efficiency 
(Table 3), strongly pointing out the essential role of these residues. However, substitution 
of Asn' 2 , Gin* 4 to more frequent aa found at these positions (Gin* 2 and Thr* 4 ), together with 
a substitution of Gin" 6 to Pro* 6 in 31 0mut3 resulted in a higher level of secretion as 
compared to SP310, but lower than 310mut2. Pro is also found in this region in the SP of 

30 two major extracellular L lactis proteins, PrtP and Usp45 (Table 4 below) and the results 
obtained with 310mut3 support the role of this aa in secretion. Interestingly, a double Ser 
is also present in this region in Exp2, another L lactis extracellular protein whose SP was 
recently identified (Poquet et al., 1998). 

35 
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Table 4. Signal peptide structure in L lactis. 



Protein 


Positive Charge 


Hydrophobic Core 


Processing 


Mature 








Reaion 


Protein 


SP310 


MKFNKKR 


VAIATF 1 ALI FVSFFTI 




/ACrxO 


310mut2 


MKFNKKR 


VAIA TFIAUFVSFFTI 


SSIQDAQA 


AERS 


Usp45 


MKKKIIS 


AILMSTVILSAAA 


PLSGVYA 


DTNSD 


PrtP 


MQRKKKG 


LS 1 LLAGTVALGALAVL 


PVGEIQAKA 


AISQQ 


Exp1 


MKNLIPKKIKQ 


VGILVGALLMLLSVLPVNLL 


GVMKVDA 


DSSQTEV 


Exp2 


MKK 


IAIIFCTLLMSLSVL 


SSFAVSA 


Dl 1 1 1 INN 



Analysis of additional changes designed to shorten the C-terminal region by removing ei- 
ther Gin" 7 (strain 310mut7) or Asp" 6 (strain 310mut8) resulted in a significant decrease in 
5 secretion (Table 3). It remains unclear whether the length change or the alteration in 
charge in the C-terminal region is responsible for the decrease in secretion efficiency. 

The N-terminal residues of the mature protein may also be important for effective proc- 
essing by the secretion machinery. In the L lactis Usp45 and Exp2 t Asp and Thr are the 
10 first two aa in the processed protein (Table 4). Thus, a mutant was studied that includ d 
these two aa at position +1 and +2, preserving the sequence of 310mut2 in the SP. As 
shown, this mutant, 310mut6 secreted a slightly lower amount of Nuc compared to 
310mut2, although the levels obtained were higher compared to SP310 (Table 3). 

1 5 A series of mutants were constructed and characterized to study the role of the hydropho- 
bic core in secretion in L lactis. In E. co//, the hydrophobic core appears to effect an es- 
sential role in secretion, and increasing the hydrophobicity of this region compensates 
defects in either the N-terminus or the processing region (REF). Therefore, substitution of 
Ala" 20 alone (in 310mut10) or in combination with Ser' 15 (strain 310mut11) to Phe was 

20 analyzed. As shown, a correlation between the decrease in secretion efficiency and the 
number of Phe introduced was observed. Nuc secretion in strain 310mut11 was much 
lower than in 310mut2 and slightly lower than SP310 (Table 3). 
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In E co// the presence of Leu in the hydrophobic region has also proven as an enhancer 
of secretion. A series of mutants were therefore constructed that included three, six or 
fourteen Leu residues in addition to the Leu' 19 present in SP310. In 310mutA, 310mutB 
5 and 310mutC, Leu was introduced at different positions in the hydrophobic region main- 
taining the wild type sequence at the C-terminal region (Table 3). A large reduction in ffi- 
ciency (46% compared to SP310) was observed in 310mutA, and even lower yields were 
obtained in 310mutB (41%) and 310mutC (35%), indicating that increasing amounts of 
Leu result in a gradual decrease in the secretion level. A modified version of 310mutA and 

10 310mutB that incorporated also an Ala at position -3 (corresponding to the C-terminal re- 
gion of 310mut1) was studied. In one of these mutants, 310mutA1 , the level of secretion 
was somewhat higher (63% compared to SP310) indicating that conserved Ala positions 
in the processing region partially compensate the presence of moderate excess Leu in the 
hydrophobic core in L lactis. However when six Leu were present (strain 310mutB1), the 

15 yield obtained was similar to 310mutB, indicating that the higher Leu content in the hydro- 
phobic core cannot be compensated by the presence of Ala' 3 (Table 3). 

A series of mutants was constructed to investigate the influence of the N-terminal region 
in secretion. In this series, the C-terminal region of 310mut2 (or 310mut7) was used and 

20 removal of Phe or Asn from the N-terminal region was carried out, to increase the overall 
positive charge. In 310mutD2, removal of Phe* 33 resulted in secretion levels higher than 
SP310 but lower than 310mut2 (Table 3). When the C-terminal region of 310mut7 was 
used an even lower yield was obtained, providing additional evidence that the lack of Gin' 7 
is attenuated in a SP carrying a shorter or more polar N-terminal region. Removal of Asn" 

25 32 (strain 310mutE2) resulted in maximal levels of secretion identical to 310mut2 (Jabl 
3), suggesting a minimal role of this residue in efficiency. A dramatic decrease was 
observed when the hydrophobic and C-terminal region of 310mut1 1 were combined with 
the N-terminal region of 310mutD2 in strain 310mutE11, strongly confirming the main role 
of the hydrophobic core in the overall performance during secretion (Table 3). In strain 

30 310mutF2, the N-terminal region was modified by substitution of Asn" 32 to Lys, to increase 
the net positive charge. This alteration resulted in the lowest level of Nuc secretion 
observed among all mutants analysed (Table 3). Thus, the net charge of the N-terminal 
region of SP310 might represent the maximum allowed for efficient secretion in L lactis. 
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(ii) Processing and secretion of Nuc using SP310 and selected mutants 

Supernatants from overnight cultures of AMJ627, PRA159 and mutants PRA164, 
5 310mutB and 310mutB were analysed in SDS-PAGE. In AMJ627, a strong band corre- 
sponding in size to the processed Nuc protein was observed, in addition to the main 45 
kDa Usp45 protein (Fig. 4, lane 1 ). For PRA1 59, the gene fusion includes the full length 
SP310 and 25 additional codons corresponding to the N-terminus of the processed pro- 
tein (Example 1). A main 19 kD band was observed that is the expected size of a full 
10 length Nuc with a 25 aa N-terminal extension. Minor bands in this preparation might cor- 
respond to further processing of the fusion protein into full-length Nuc (a 16 kDa band was 
detected; Fig. 4, lane 2). In strain PRA164, the presence of two major Nuc bands sup- 
ported the alternative processing site suggested by the sequence analysis using SignalP 
(Fig. 3). A single Nuc band was detected in PRA164, 310mutB and 310mut6, indicating 
15 that a single processing site is used in these mutants. The relative amounts of Nuc were 
in agreement with the activity levels measured in these strains (Table 3). 

(Hi) Analysis of Nuc secretion in fermentor 

20 As mentioned above, the production levels using the P170-dependent expression system 
of L lactis are at least 20-fold higher during controlled growth in defined medium in fer- 
mentor as compared to the levels obtained in overnight cultures grown in rich GM17 me- 
dium. Therefore, the wild type SP310 and three mutants representing maximal (310mut2), 
middle (310mut6) or low (310mutB) secretion efficiency were used in comparison to 

25 AMJ627 (SPUSP). As shown, 310mut2 yielded over 150 mg/L Nuc representing a 45% 
improvement with respect to SP310 (Table 5 below). For 310mut6, the values obtained 
confirmed a better performance (25% improvement compared to SP310) and 310mutB 
yielded 50% of the amount secreted using SP310 resembling the results of the initial 
screening in GM17. Interestingly, the yield of 310mut2 in fermentor is comparable to 

30 SPUSP, reaching 85% of the amount of Nuc secreted by the latter. 
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Table 5. Nuclease secretion in fermentor 



Strain (SP) 


Nuc (mg/L) 


Relative amount (%) 


PRA162 (310mut0) 


106 + 1.7 


100 


PRA164 (310mut2) 


154 + 3.1 


145 


PRA250 (310mut6) 


132 + 0.2 


125 


PRA170 (310mutB) 


54 + 3.3 


51 


AMJ627 (SPUSP) 


182 + x.x 


172 



Strains were grown in SAIV in a fermentor set at 30°C, pH 5.2. 
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CLAIMS 

1. A method of constructing a transposon derivative for identifying in a lactic acid bacte- 
rium a DNA sequence coding for a signal peptide (SP), the method comprising the steps 

5 of 

(i) selecting a DNA molecule comprising a transposon including between its left terminus 
(LR) and its right terminus (RR) a sequence comprising a promoterless promoter reporter 
gene and a ribosome binding site (RBS), 

10 

(ii) deleting from said DNA molecule a region located between the LR and the promoter- 
less reporter gene to obtain a modified DNA molecule that has retained its transposability 
and its RBS, 

15 (iii) inserting into the remaining region located between the LR and the promoterless re- 
porter gene of the resulting modified DNA molecule a unique restriction site, and 

(iv) inserting into said unique restriction site a DNA sequence coding for a secretion re- 
porter molecule, said DNA sequence coding for a reporter molecule is without a sequence 
20 coding for a SP, 

the thus obtained transposon derivative being without stop codons in-frame with the se- 
cretion reporter molecule thus permitting upon transposition translational fusions from up- 
stream the LR. 

25 

2. A method according to claim 1 wherein the selected DNA molecule comprises the 
Tn917 transposon or a derivative hereof. 

3. A method according to claim 1 or 2 wherein the promoterless promoter reporter gene is 
30 the lacZ gene. 

4. A method according to any of claims 1-3 wherein the gene coding for the secretion re- 
porter codes for a nuclease. 



WO 01/11060 



41 



PCT/DK00/00437 



5. A method according to claim 4 wherein the gene coding for a nucleas is the nuc g ne 
derived from Staphylococcus aureus. 

6. A transposon derivative molecule for the identification in a lactic acid bacterium of a 
5 DNA sequence coding for a signal peptide (SP), the molecule comprising the following 

elements: 

(i) a DNA molecule comprising a transposon element including between its left terminus 
(LR) and its right terminus (RR) a sequence comprising a promoterless promoter reporter 

10 gene and a ribosome binding site, the DNA molecule being without stop codons in the re- 
gion upstream of the promoter reporter gene, 

(ii) a DNA sequence coding for a secretion reporter molecule, said DNA sequence is with- 
out a sequence coding for an SP. 

15 

7. A transposon derivative according to claim 6 where the transposon element is deriv d 
from Tn91 7 or a derivative hereof. 

8. A transposon derivative according to claim 6 or 7 where the promoter reporter gene is 
20 the lacZ gene. 

9. A transposon derivative according to any of claims 6-8 where the DNA sequence cod- 
ing for a secretion reporter gene is a gene coding for a nuclease. 

25 10. A transposon derivative according to claim 9 where the gene coding for a nucleas is 
the nuc gene derived from Staphylococcus aureus. 

11. A transposon derivative according to claim 6 which is pTn/Vuc. 

30 12. A transposon derivative according to claim 6 that further comprises a selection 
marker. 

13. A method of identifying in a lactic acid bacterium a DNA sequence coding for a signal 
peptide (SP), the method comprising the steps of 

35 
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(i) transforming a lactic acid bacterium with a transposon derivative according to any of 
claims 6-12, 

(ii) selecting from the transformed lactic acid bacterium, cells in which the promoterless 
5 promoter reporter gene is expressed and the gene product of the DNA sequence coding 

for a secretion reporter molecule is secreted. 

14. A method according to claim 13 wherein the lactic acid bacterium being transformed is 
selected from the group consisting of Lactococcus spp., Lactobacillus spp:, Leuconostoc 

10 spp. , Oenococcus spp. and Streptococcus spp. 

15. A method according to claim 13 wherein the transposon derivative is transposed 
quasi-randomly. 

15 16. A method of isolating from a source lactic acid bacterium a DNA sequence coding for 
a signal peptide (SP), the method comprising identifying such a sequence using the 
method of any of claims 1 3-1 5, and isolating said sequence. 

17. A method according to claim 16 wherein the lactic acid bacterium is selected from the 
20 group consisting of Lactococcus spp., Lactobacillus spp., Leuconostoc spp., Oenococcus 

spp. and Streptococcus spp. 

18. An isolated DNA molecule comprising at least part of a transposon derivative ac- 
cording to any of claims 6-12 and a DNA sequence coding for a signal peptide (SP) that is 

25 functional in a lactic acid bacterium. 

19. A DNA molecule according to claim 18 where the signal peptide comprises a signal 
peptidase l-recognition sequence. 

30 20. A DNA molecule according to claim 18 where the signal peptide comprises a signal 
peptidase ll-recognition sequence. 

21. A DNA molecule according to claim 18 where the DNA sequence coding for a signal 
peptide is derived from a clone selected from the group consisting of SP10, SP307, 
35 SP310 and SP330, and a mutant thereof. 
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22. A DNA molecule according to claim 21 where the signal peptide is a mutant of the 
signal peptide derived from SP310. 

5 23. A DNA molecule according to claim 22 where the mutant is selected from the group 
consisting of 310mut1, 310mut2 t 310mut3, 310mut4, 310mut5 t 310mut6, 310mut7 ( 
310mut8, 310mut10, 310mut11, 310mutA, 310mutB, 310mutC, 310mutA1, 310mutB1, 
310mutD2, 310mutD7, 310mutE2 t 310mutE11 and 310mutF2. 

10 24. An isolated DNA sequence coding for a signal peptide that is derived from a molecule 
selected from the group consisting of SP10, SP13 t SP307, SP310 and SP330, and a de- 
rivative of any of said signal peptides having retained signal peptide functionality. 

25. A DNA sequence according to claim 24 where the signal peptide is a mutant of the 
15 signal peptide derived from SP310. 

26. A DNA sequence according to claim 25 where the mutant is selected from the group 
consisting of 310mut1, 310mut2, 310mut3, 310mut4, 310mut5, 310mut6 t 310mut7 t 
310mut8, 310mut10, 310mut11, 310mutA t 310mutB, 310mutC, 310mutA1, 310mutB1, 

20 31 0mutD2, 31 0mutD7 ) 31 0mutE2, 31 0mutE1 1 and 31 0mutF2. 

27. A recombinant plasmid comprising an isolated DNA molecule comprising at least part 
of a transposon derivative according to any of claims 18-23 or an isolated DNA sequence 
according to any of claims 24-26. 

25 

28. A recombinant plasmid according to claim 27 that is selected from the group consist- 
ing of A10::Nuc, Al3::Nuc, A307::Nuc and A310::Nuc. 

29. A recombinant plasmid according to claim 27 or 28 that further comprises a regulat- 
30 able promoter operably linked to the nuc gene. 

30. A plasmid according to claim 29 wherein the regulatable promoter is P170. 

31. A recombinant bacterium comprising a DNA sequence according to any of claims 24- 
35 26. 
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32. A bacterium according to claim 31 wherein the DNA sequence is operably linked to a 
gene expressing a desired gene product whereby the gene product is secreted. 

5 33. A bacterium according to claim 31 that is a lactic acid bacterium. 

34. Use of a bacterium according to claim 31 for the production of a desired gene product. 

35. Use according to claim 34 where the bacterium is a lactic acid bacterium. 

10 
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SEQUENCE LISTING 



<110> Bioteknologisk Institut 



<120> METHOD OF ISOLATING SECRETION SIGNALS IN 

LACTIC ACID BACTERIA AND NOVEL SECRETION SIGNALS ISOLATED 
FROM LACTOCOCCUS LACTIS 



<130> 21813PC1 
<160> 62 

<170> FastSEQ for Windows Version 3.0 

<210> 1 
<211> 46 
<212> DNA 

<213> Artificial Sequence 
<220> 

<223> Synthetic primer 



<210> 2 
<211> 20 
<212> DNA 

<213> Artificial Sequence 
<400> 2 

gtgtagtcgg tttatgcagc 20 

<210> 3 
<211> 19 
<212> DNA 

<213> Artificial Sequence 



<210> 4 
<211> 28 
<212> DNA 

<213> Artificial Sequence 
<400> 4 

gcatcggtcc gtaggcgctc gggacccc 28 



<400> l 

cgatgaatgc cggaccgaat tgatacacta atgcttttat ataggg 



46 



<400> 3 
cacacatacc aatacatgc 



19 



<210> 5 
<211> 34 
<212> DNA 

<213> Artificial Sequence 



<400> 5 

gcatcggtcc gttcttatcg atacaaattc ctcg 
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<210> 6 
<211> 35 
<212> DNA 

<213> Artificial Sequence 
<400> 6 

gcatcggtcc gaaattttta aatctatttc ttatc 

<210> 7 
<211> 36 
<212> DNA 

<213> Artificial Sequence 



35 



<400> 7 

gcatcggtcc gtaaatgtac aaaataacag cgaaat 36 

<210> 8 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 8 

gcatcggacc gtcacaaaca gataacggcg 30 

<210> 9 
<211> 30 
<212> DNA 

<213> Artificial Sequence 
<400> 9 

gcatcggtcc gcattattga cctgaatcag 30 

<210> 10 
<211> 27 
<212> DNA 

<213> Artificial Sequence 
<400> 10 

ggaagatctt cacaaacaga taacggc 27 

<210> 11 
<211> 38 
<212> DNA 

<213> Artificial Sequence . 
<400> 11 

acgcgtcgac gaattcgatc taaaattata aaagtgcc 38 

<210> 12 
<211> 75 
<212> DNA 

<213> Artificial Sequence 
<400> 12 

gcatcccggg tctagattag ggtaactttg aaaggatatt cctcatgaaa aaaacattga 60 
gagaccagtt acttg 75 



<210> 13 



WO 01/11060 



PCT/DK00/00437 



<211> 39 
<212> DNA 

<213> Artificial Sequence 
<400> 13 

gcatagatct actccaacta tcacctgttg catttgctc 39 

<210> 14 
<211> 76 
<212> DNA 

<213> Artificial Sequence 
<400> 14 

gcatcccggg tctagattag ggtaactttg aaaggatatt cctcatgaat aaatcaaaaa 60 
ttattgcttt ctctgc 76 

<210> 15 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<400> 15 

gcatagatct atcaatggaa ttaacatcag ctgccatgc 39 

<210> 16 
<211> 77 
<212> DNA 

<213> Artificial Sequence 
<400> 16 

gcatcccggg tctagattag ggtaactttg aaaggatatt cctcatgaaa tttataaaaa 60 
aaagagttgc aatagcc 77 

<210> 17 
<211> 39 
<212> DNA 

<213> Artificial Sequence 
<400> 17 

gcatagatct gttatcatta aaatcactcc gattaagag 39 

<210> 18 
<211> 72 
<212> DNA 

<213> Artificial Sequence 
<400> 18 

tagtaggatc ccgggtctag attagggtaa ctttgaaagg atattcctca tgaaaaaaaa 60 
gattatctca gc 72 

<210> 19 
<211> 40 
<212> DNA 

<213> Artificial Sequence 
<400> 19 

acgcgtcgac ctgcagagat cttgtgtcag cgtaaacacc 40 



<210> 20 
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4 



<211> 77 . 
<212> DNA 

<213> Artificial Sequence 



<400> 20 

gcatcccggg tctagattag ggtaactttg aaaggatatt cctcatgaaa tttaataaaa 
aaagagttgc aatagcc 



60 

77 



<210> 21 
<211> 34 
<212> DNA 

<213> Artificial Sequence 
<400> 21 

ctattggttt gattacgtcg gctttctaga tacg 34 

<210> 22 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<400> 22 

ggttctattg gttcgattac gtcggctttc tagatacg 38 

<210> 23 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<400> 23 

gttatagtag ttaggttcta cgagttcgtc ggctttctag atacg 45 

<210> 24 
<211> 62 
<212> DNA 

<213> Artificial Sequence 
<400> 24 

ctataaacat tcaaaaaaat gttattaggg tttgtgacga gttcgtcggc tttctagata 60 
eg 62 

<210> 25 
<211> 62 
<212> DNA 

<213> Artificial Sequence 
<400> 25 

ctataaacat tcaaaaaaat gttattaggt tttggtttga ttaegtegge tttctagata 60 
eg 62 

<210> 26 
<211> 62 
<212> DNA 

<213> Artificial Sequence 



<400> 26 

ctataaacat tcaaaaaaat gttattaggt tttggttcga ttaegtegge tttctagata 
eg 



60 
62 
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<210> 27 
<211> 45 
<212> DNA 

<213> Artificial Sequence 
<400> 27 

gttatagtag ttaggttcta cgagttcgtc tatgatctag atacg 45 

<210> 28 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<400> 28 

gttatagtag ttagctacga gttcgtcggc tttctagata eg 42 

<210> 29 
<211> 42 
<212> DNA 

<213> Artificial Sequence 
<400> 29 

gttatagtag ttaggttcga gttcgtcggc tttctagata eg 42 

<210> 30 
<211> 88 
<212> DNA 

<213> Artificial Sequence 
<400> 30 

cgttatcggt gcaaataaaa aaactataaa cattcaaaaa aatgttatag tagttaggtt 60 
ctacgagttc gteggcttte tagatacg 88 

<210> 31 
<211> 88 
<212> DNA 

<213> Artificial Sequence 
<400> 31 

cgttatcggt gcaaataaaa aaactataaa cataaaaaaa aatgttatag tagttaggtt 60 
ctacgagttc gteggcttte tagatacg 88 

<210> 32 
<211> 120 
<212> DNA 

<213> Artificial Sequence 
<400> 32 

cctcccgggt ctagattagg gtaactttga aaggatattc ctcatgaaat ttaataaaaa 60 
aagagttgca atagecttgt ttattgcttt gatatttgta cttttttttc ttatatcatc 120 

<210> 33 
<211> 120 
<212> DNA 

<213> Artificial Sequence 
<400> 33 

cctcccgggt ctagattagg gtaactttga aaggatattc ctcatgaaat ttaataaaaa 60 
aagagttctt atacttttgt ttattctttt gatatttgta cttttttttc ttatatcatc 120 
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<210> 34 
<211> 103 
<212> DNA 

<213> Artificial Sequence 
<400> 34 

cctcccgggt ctagattagg gtaactttga aaggatattc ctcatgaaat ttaataaaaa 60 
aagacttttg cttttgcttt tgcttttgct tttacttctt ttg 103 

<210> 35 
<211> 73 
<212> DNA 

<213> Artificial Sequence 
<400> 35 

gaaaatgaag aaaacgaaaa cgaatatagt agttaggttc tattggtttg attacgtcgg 60 
ctttctagat acg 73 

<210> 36 
<211> 38 
<212> DNA 

<213> Artificial Sequence 
<400> 36 

ggttctattg gttcgattac gtcggctttc tagatacg 38 

<210> 37 
<211> 120 
<212> DNA 

<213> Artificial Sequence 
<400> 37 

cctcccgggt ctagattagg gtaactttga aaggatattc ctcatgaaat ttaataaaaa 60 
aagagttctt atacttttgt ttattctttt gatatttgta cttttttttc ttatatcatc 120 

<210> 38 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<400> 38 

gcatcccggg tctagattag ggtaactttg aaaggatatt cctcatgaaa aataaaaaaa 60 
gagttgcaat agcc 74 

<210> 39 
<211> 74 
<212> DNA 

<213> Artificial Sequence 
<400> 39 

gcatcccggg tctagattag ggtaactttg aaaggatatt cctcatgaaa tttaaaaaaa 60 
gagttgcaat agcc 74 

<210> 40 
<211> 77 
<212> DNA 

<213> Artificial Sequence 
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<400> 40 

gcatcccggg tctagattag ggtaactttg aaaggatatt cctcatgaaa tttaaaaaaa 
aaagagttgc aatagcc 

<210> 41 
<211> 38 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic peptide 
<400> 41 

Met Lys Phe Asn Lys Lys Arg Val Ala lie Ala Thr Phe lie Ala Leu 

1 5 10 15 

lie Phe Val Ser Phe Phe Thr lie Ser Ser lie Gin Asp Asn Gin Thr 

20 25 30 

Asn Ala Ala Glu Arg Ser 
35 

<210> 42 
<211> 38 
<212> PRT 

<213> Artificial Sequence 



<400> 42 
Met Lys Phe Asn Lys Lys Arg Val 

1 5 
lie Phe Val Ser Phe Phe Thr He 
20 

Asn Ala Ala Glu Arg Ser 
35 

<210> 43 
<211> 36 
<212> PRT 

<213> Artificial Sequence 



Ala He Ala Thr Phe He Ala Leu 

10 15 

Ser Ser He Gin Asp Asn Gin Ala 

25 30 



<400> 43 

Met Lys Phe Asn Lys Lys Arg Val Ala He Ala Thr Phe He Ala Leu 

1 5 10 15 

He Phe Val Ser Phe Phe Thr He Ser Ser He Gin Asp Ala Gin Ala 

20 25 30 

Ala Glu Arg Ser 
35 

<210> 44 
<211> 35 
<212> PRT 

<213> Artificial Sequence 
<400> 44 

Met Lys Phe Asn Lys Lys Arg Val Ala lie Ala Thr Phe He Ala Leu 

1 5 10 15 

He Phe Val Ser Phe Phe Thr He He Pro Asn Thr Ala Gin Ala Ala 
20 25 30 

Glu Arg Ser 
35 
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<210> 45 

<211> 35 

<212> PRT 

<213> Artificial 



Sequence 





<400> 


45 




















Met 


Lys. Phe 


Asn Lys 


Lys Arg Val 


Ala 


He 


Ala 


Thr 


Phe 


He 


Ala 


Leu 


1 




5 






10 










15 




He 


Phe Val 


Ser Phe 


Phe Thr lie 


He 


Gin 


Asn 


Gin 


Thr 


Asn 


Ala 


Ala 






20 




25 










30 






Glu 


Arg Ser 
























35 
























<210> 


46 






















<211> 


35 






















<212> 


PRT 






















<213> 


Artificial Sequence 




















<400> 


46 




















Met 


Lys Phe 


Asn Lys 


Lys Arg Val 


Ala 


He 


Ala 


Thr 


Phe 


He 


Ala 


Leu 


l 




5 






10 










15 




He 


Phe Val 


Ser Phe 


Phe Thr He 


He 


Gin 


Asn 


Gin 


Ala 


Asn 


Ala 


Ala 






20 




25 










30 






Glu 


Arg Ser 
























35 
























<210> 


47 






















<211> 


36 






















<212> 


PRT 






















<213> 


Artificial Sequence 




















<400> 


47 




















Met 


Lys Phe 


Asn Lys 


Lys Arg Val 


Ala 


He 


Ala 


Thr 


Phe 


He 


Ala 


Leu 


1 




5 






10 










15 




lie 


Phe Val 


Ser Phe 


Phe Thr He 


Ser 


Ser 


He Gin Asp Ala 


Gin 


Ala 






20 




25 










30 






Asp 


Thr Arg 


Ser 





















35 



<210> 48 
<211> 35 
<212> PRT 

<213> Artificial Sequence 



<400> 48 
Met Lys Phe Asn Lys Lys Arg Val 

1 5 
He Phe Val Ser Phe Phe Thr He 
20 

Glu Arg Ser 
35 



Ala He Ala Thr Phe He Ala Leu 

10 15 
Ser Ser He Asp Ala Gin Ala Ala 
25 30 



<210> 49 
<211> 35 
<212> PRT 

<213> Artificial Sequence 



<400> 49 

Met Lys Phe Asn Lys Lys Arg Val Ala lie Ala Thr Phe He Ala Leu 
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1 5 10 15 

lie Phe Val Ser Phe Phe Thr lie Ser Ser lie Gin Ala Gin Ala Ala 
20 25 30 

Glu Arg Ser 
35 

<210> 50 
<211> 36 
<212> PRT 

<213> Artificial Sequence 



<400> 50 

Met Lys Phe Asn Lys Lys Arg Val Ala lie Ala Thr Phe lie Ala Leu 

1 5 10 15 

lie Phe Val Ser Phe Phe Thr lie Ser Ser lie Gin Asp Ala Gin Ala 

20 25 30 

Ala Glu Gly Ser 
35 



<210> 51 
<211> 36 
<212> PRT 

<213> Artificial Sequence 
<400> 51 

Met Lys Phe Asn Lys Lys Arg Val Ala lie Ala Thr Phe lie Phe Leu 

1 5 10 15 

lie Phe Val Ser Phe Phe Thr lie Ser Ser lie Gin Asp Ala Gin Ala 

20 25 30 

Ala Glu Arg Ser 
35 

<210> 52 
<211> 36 
<212> PRT 

<213> Artificial Sequence 



<400> 52 
Met Lys Phe Asn Lys Lys Arg Val 

1 5 
He Phe Val Phe Phe Phe Thr He 
20 

Ala Glu Arg Ser 
35 



Ala He Ala Thr Phe He Phe Leu 

10 15 
Ser Ser He Gin Asp Ala Gin Ala 
25 30 



<210> 53 
<211> 38 
<212> PRT 

<213> Artificial Sequence 
<220> 

<223> Synthetic signal peptide 
<400> 53 

Met Lys Phe Asn Lys Lys Arg Val Ala He Ala Leu Phe lie Ala Leu 

1 5 10 15 

He Phe Val Leu Phe Phe Leu He Ser Ser He Gin Asp Asn Gin Thr 

20 25 30 

Asn Ala Ala Glu Arg Ser 
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35 

<210> 54 
<211> 38 
<212> PRT 

<213> Artificial Sequence 

<400> 54 
Met Lys Phe Asn Lys Lys Arg Val 

1 5 
lie Phe Val* Leu Phe Phe Leu He 
20 

Asn Ala Ala Glu Arg Ser 
35 

<210> 55 
<211> 38 
<212> PRT 

<213> Artificial Sequence 



Leu He Leu Leu Phe He Leu Leu 

10 15 
Ser Ser He Gin Asp Asn Gin Thr 
25 30 



<400> 55 

Met Lys Phe Asn Lys Lys Arg Leu Leu Leu Leu Leu Leu Leu Leu Leu 

15 10 15 

Leu Leu Leu Leu Leu Leu Leu He Ser Ser He Gin Asp Asn Gin Thr 

20 25 30 

Asn Ala Ala Glu Arg Ser 
35 

<210> 56 
<211> 38 
<212> PRT 

<213> Artificial Sequence 



<400> 56 

Met Lys Phe Asn Lys Lys Arg Val Ala He Ala Leu Phe He Ala Leu 

1 5 10 15 

He Phe Val Leu Phe Phe Leu He Ser Ser He Gin Asp Asn Gin Ala 

20 25 30 

Asn Ala Ala Glu Arg Ser 
35 

<210> 57 
<211> 38 
<212> PRT 

<213> Artificial Sequence 



<400> 57 
Met Lys Phe Asn Lys Lys Arg Val 

1 5 
He Phe Val Leu Phe Phe Leu He 
20 

Asn Ala Ala Glu Arg Ser 
35 



Leu He Leu Leu Phe He Leu Leu 

10 15 
Ser Ser He Gin Asp Asn -Gin Ala 
25 30 



<210> 58 
<211> 35 
<212> PRT 

<213> Artificial Sequence 
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<400> 


58 






Met 


Lys Asn 


Lys Lys Arg Val Ala 


He 


Ala Thr Phe lie Ala Leu lie 


1 




5 




10 15 


Phe 


Val Ser 


Phe Phe Thr lie Ser 


Ser 


He Gin Asp Ala Gin Ala Ala 






20 


25 


30 


Glu 


Arg Ser 










35 










<210> 


59 








<211> 


34 








<212> 


PRT 








<213> 


Artificial Sequence 








<400> 


59 






Met 


Lys Asn 


Lys Lys Arg Val Ala 


He 


Ala Thr Phe lie Ala Leu He 


1 




5 




10 15 


Phe 


Val Ser 


Phe Phe Thr lie Ser 


Ser 


He Asp Ala Gin Ala Ala Glu 






20 


25 


30 


Arg 


Ser 










<210> 


60 








<211> 


35 








<212> 


PRT 








<213> 


Artificial Sequence 








<400> 


60 






Met 


Lys Phe 


Lys Lys Arg Val Ala 


He 


Ala Thr Phe He Ala Leu He 


1 




5 




10 15 


Phe 


Val Ser 


Phe Phe Thr lie Ser 


Ser 


He Gin Asp Ala Gin Ala Ala 






20 


25 


30 


Glu 


Arg Ser 










35 










<210> 


61 








<211> 


35 








<212> 


PRT 








<213> 


Artificial Sequence 








<400> 


61 






Met 


Lys Asn 


Lys Lys Arg Val Ala 


He 


Ala Thr Phe He Phe Leu lie 


1 




5 




10 15 


Phe 


Val Phe 


Phe Phe Thr lie Ser 


Ser 


He Gin Asp Ala Gin Ala Ala 






20 


25 


30 


Glu 


Arg Ser 










35 










<210> 


62 








<211> 


36 








<212> 


PRT 








<213> 


Artificial Sequence 








<400> 


62 






Met 


Lys Phe 


Lys Lys Lys Arg Val Ala 


He Ala Thr Phe lie Ala Leu 


1 




5 




10 15 


lie 


Phe Val 


Ser Phe Phe Thr lie 


Ser Ser He Gin Asp Ala Gin Ala 






20 


25 


30 


Ala 


Glu Arg 


Ser 







35 
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This international Search Report has not been established in respect of certain claims under Article 1 7(2)(a) for the following reasons: 

1. Claims Nos.: . A ^ . , 

— because they relate to subject matter not required to be searched by this Authority, namely: 



2. Claims Nos.: . _ ... 

because they relate to parts of the international Application that do not comply with the prescribed requirements to such 

an extent that no meaningful International Search can be carried out, specifically: 



3. Claims Nos.: . ll JJL . _,' 

— because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 



Box II Observations where unity of invention is lacking (Continuation of item 2 of first sheet) 



This International Searching Authority found multiple inventions in this international application, as follows: 

see additional sheet 

1 . I | As all required additional search fees were timely paid by the applicant, this International Search Report covers all 
' 1 searchable claims. 

2. I""] As all searchable claims could be searched without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 

3. I I As only some of the required additional search fees were timely paid by the applicant, this International Search Report 
I 1 C0V ers only those claims for which fees were paid, specifically claims Nos.: 



4. I y J No required additional search fees were timely paid by the applicant. Consequently, this International Search Report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
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This International Searching Authority found multiple (groups of) 
inventions in this international application, as follows: 

1. Claims: 1-20 (all completely); 21-23, 27-30 (all partially) 



A method of constructing a transposon derivative for 
identifying in a lactic acid bacterium (LAB) a DNA sequence 
coding for a signal peptide (SP), the method comprising the 
steps of selecting a DNA molecule comprising a transposon 
(preferably Tn917) comprising between its left and right 
termini a promoterless promoter reporter gene (preferably 
lacZ) and a ribosome binding site (RBS), deleting from said 
DNA molecule a DNA region between the left terminus and the 
reporter gene in such a way that the transposability and the 
RBS are retained, inserting into the remaining region 
between the left terminus and the reporter gene a unique 
restriction site, and inserting into said restriction site a 
DNA sequence coding for a secretion reporter molecule 
(preferably Staphylococcus aureus nuclease) in such a way 
that the transposon derivative is without stop codons 
in- frame with the secretion reporter molecule. Also claimed 
is a transposon derivative as said, methods of identifying 
and isolating SPs in/from a LAB using a transposon 
derivative as said, an isolated DNA molecule comprising at 
least part of a transposon deriviative as said, and a 
recombinant plasmid comprising an isolated DNA molecule as 
said. 



2. Claims: 21, 24, 27-35 (all partially) 

An isolated DNA sequence coding for signal peptide SP10 and 
a derivative of said SP having retained SP functionality, an 
isolated DNA molecule or a recombinant plasmid comprising 
said signal peptide, and a recombinant bacterium, e.g. an 
lactic acid bacterium, comprising a DNA sequence as said, 
the DNA sequence preferably being operably linked to a gene 
expressing a desired gene product so that the gene product 
is secreted. Also claimed is the use of a bacterium as said 
for the production of a desired gene product. 



3. Claims: 24, 27-35 (all partially) 

An isolated DNA sequence coding for signal peptide SP13 and 
a derivative of said SP having retained SP functionality, a 
recombinant plasmid comprising said signal peptide, and a 
recombinant bacterium, e.g. an lactic acid bacterium, 
comprising a DNA sequence as said, the DNA sequence 
preferably being operably linked to a gene expressing a 
desired gene product so that the gene product is secreted. 
Also claimed is the use of a bacterium as said for the 
production of a desired gene product. 
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4. Claims: 21, 24, 27-35. (all partially) 

An isolated DNA sequence coding for signal peptide SP307 and 
a derivative of said SP having retained SP functionality, an 
isolated DNA molecule or a recombinant plasmid comprising 
said signal peptide, and a recombinant bacterium, e.g. an 
lactic acid bacterium, comprising a DNA sequence as said, 
the DNA sequence preferably being operably linked to a gene 
expressing a desired gene product so that the gene product 
is secreted. Also claimed is the use of a bacterium as said 
for the production of a desired gene product. 



5. Claims: 21-24, 27-35 (all partially); 25, 
26 (both completely) 



An isolated DNA sequence coding for signal peptide SP310 and 
a derivative or mutant of said SP having retained SP 
functionality, an isolated DNA molecule or a recombinant 
plasmid comprising said signal peptide, and a recombinant 
bacterium, e.g. an lactic acid bacterium, comprising a DNA 
sequence as said, the DNA sequence preferably being operably 
linked to a gene expressing a desired gene product so that 
the gene product is secreted. Also claimed is the use of a 
bacterium as said for the production of a desired gene 
product. 



6. Claims: 21, 24, 27, 29, 30, 31-35 (all partially) 

An isolated DNA sequence coding for signal peptide SP330 and 
a derivative of said SP having retained SP functionality, an 
isolated DNA molecule or a recombinant plasmid comprising 
said signal peptide, and a recombinant bacterium, e.g. an 
lactic acid bacterium, comprising a DNA sequence as said, 
the DNA sequence preferably being operably linked to a gene 
expressing a desired gene product so that the gene product 
is secreted. Also claimed is the use of a bacterium as said 
for the production of a desired gene product. 
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